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Letter of Transm.i.ttd
To i% Congre-w of the United Stata:

In compliance tith tie provisions of the act of March 3, 1916, as

amended, e&.ablishin~ the National Advisory Committee for Aero-
nautics, I transmit herewith the Thirty-ninth Annual Report of the
Committee cover~ff the fiscal year 1953.

~QHT D. EISENHOWER
THE Wmm HOUSE, ‘ -

JANUARY!25, 1964.
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Letter of Submittal

~ATIONAL ADVISORY ti~ FORkERONAUTX3

WASmmmN, D. C., Novezder fi~ 1963.
DEARMR. PRESIDENT:In compliance with the act of Congrw.s ap-

proved March 3, 1915, as amended (U. S. C. title 50, sw 151), I have
the honor to submit herewith the Thi@-ninth Annual Report of the
National Advisory Committee for Aeronautics for 1968.

This has been an historic year in aeronautics. For the first time
the prototype of a military service airplane, the Air Force North

American F–1OOSuper Sabre, flew faster than sotid in level or climb-
ing flight. Heretofore such speed has been stied only with research
aircraft. The F–loo ie only the first of a series of &perSonic aircraft
scheduled for quantity production for the military services.

In 1963 man flew at twice the speed of sound for the M thw
An NACA research pilot attained a speed of 1327 miles per hour in a
research airplan~ the Navy Do@as D-566-D. S&rocket. This Navy
phtne was part of the same long-range program that produced the
Air Force Bell X–1, which 6 years ago fit flew at supersonic speed.

These achievements climaxing the history of the M fifty yeai of
powered flight are tanggble evidence of teamwork betwe+ scienc~
military, and industry that promises continuing progrqw in American
aviation. On the other hand, scientic problems ~ciatid wi’ti
supersonic flight are increasing in number, complexity, and espense,
and therefore many important problems canno< within existing re-
sources, be studied as intensively as they merit.

Respectfully submitted.
JEROD C. Hum- -

G%imnan.
THEPmwomm,

The White Howe, Washington, D. C. ,,
VII
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THIRTY-NINTH ANNUAL
0)?THE

REPORT

NATIONAL ADVISORY COMMITTEEFOR AERONAUTICS

WASHINGTON, D. C., Novemhr 19, 196.S.
To .?%eOongrew of z%8 Udz%d 8tate8:

This is the fifileth year since Wilbur and Orville
Wright at Kitty Hawk N. C., made their@ powered
fight. That airplane was a fragile and unsteady ma-
chine of no immediate utility. It flew for only a min-
ute but it disclosed the solution of the age-old prob-
lem of human flight.

The Wrights were the M in the history of man
to fly. There was no one to teach them. They had to
discover principles and to learn the art by cautious
and methodical experimenting. From th~ own re-
search they obtied the practical information needed
to design their successful flying machine.

The Wrights received no effective aid from the theo-
retical studies of flight made by the mathematicians of
the nineteenth century. The scienee of aerod~amics
was developed in response to the practical demands
of aeronautics in the years to follow.

In 1908, the Wrights demonstrated at Fort Myer,
Vs., a vastly improved flyer, the&t military airplane.
It carried a passenger and flew for more than an hour.
Following this public demonstration, the development
of the airplane was taken up vigorously. At first
France and Germany took the lead, then Great Britain,
but the United States lagged behind in the furthering
of this greatest American development of the cantury.

With war clouds in view in 1915, the Congress es-
tablished the National Advisory Cxnnrnitteefor Aero-
nautics to undertake the scientific study of & prob-
lems of fight with a view to their practical solution.
President Wilson appointed the members of the &t
Committee, consisting of the heads of the military and
civil agencies of the Government concerned with aero-
nautics and experts from private life.

Over the succeeding 38 yea- the Congress has an-
nually appropriated funds in support of the Com-
mittee’s research. During the period between the two
World Wars, the Ccn-nmitteesupplied scientific and
enginewing lmo-ivledge which contributed substan-
tially to Ameriean leadership in aeronautics and victory
in the air.

The Committm has functioned as a board of directors
to plan as a body and supervise the execution of research

321(IOU--I7Q2

pro=g?amsconducted by a dedicated Civil Service staff
of some 7,000 men and women. In this responsibility
to tie Nation, the Camnittee has had the resistance
of 28 technical subcommittees recruited from govern-
mental agenci~ universities, manufacturers and the
airlines. Coordination of the many inter&s con-
cerned with research has km effectively accomplished
within the Committee because of the interlocking char-
acter of its membership.

The intensity with which scientfic research is pur-
sued determines the rate at which new knowledge is
acquired and consequently the rate of progress which
can be made in improving the performance and efE-
ciency of America’s aircraft. Many problems of im-
potince are lmown to exist which cannot be studied
as intensively as they merit within existing resources

Before the end of the next fical year the first of
the NACA’ Unitary Plan wind tunnels, for which the
congress appropriated $75,000,000,will come into use.
The Unitpry Plan Act assigns to NACA the additional
task of opeiating very large transonic and supersonic
wind tunnels to be available to industry for develop-
mental testing of aircraft and missik

Both the offensive ,potential of our atomic weapons,
and our defense against such vreapo~ depend in major
part on, superior aircraft and missiles By virtue of
an immense effort this country holds a current position
of leader&p in many areas in aeronautical scienc~
But no complacency is justdied in vie-iv of the high
.scientMcand technical capabilities disclosed by Soviet
progress, inckli.ng that in nuclear weapons. It camot
be assumed that the Soviets will not likewise make the
advances in aeronautical soience which we ourselves
know to be possibl~

The Committe~ therefor~ urges that the m&ting and
potentiil capacity of the National Advisory Commit-
tee for Aeronautics be fully and intensively utilized
to advance the aeronautical arts and .wienee-s,born
50 years ago with the Wright brqthers’ airplan~ and
that the Congress provide the neee.wary support for
this policy.

Rqxc~y submitted.
JEROMEC. HuNs_

C%&7nan.



Part I–TECHNICAL ACTWITLES

~ NACA-WHAT IT IS

One of the most important functions of the National
Advisory Committee for Aeronautics is that of co-
ordinating the aeronautical rese.amihcarried on in the
United States. The makeup of both the Main Commit-
tea and the 28 technical subcommittees embracw the
several military and civil government agencies con-
cerned with aeronautic+ and includes members from
scientific institutio~ and the aviation manufacturing
and operating industries. “ThuS wti and COStlY
duplication of research and development effort is
avoided.

In the conduct of its business, -which is scientific
laborato~ research “h aeronauti~ the NAC& tice its
establishment in 1916 by the Congrcs, has functioned
to serve the needs of all departments of the Government
The 17 members of the Main Committee are appointed
by and report to the PresidauL Serving without pay,
they operato like a board of directors, establishing
policy and planning the research programs to be fol-
lowed by the 7,000 civil-service personnel who makeup
the technical and adminktrative staff of tie NACA.

The Committee is assisted in the determination and
coordination of research pro=gramsby 5 major and 23
subordinate technical committe~, with a total member-
ship of more than 400. These men are selected because
of their technical ability, experienc~ and recognized
leadership in a special field. They also serve without
compensation, in a personal and professional cayacity.
They provide material assistance in the consideration
of problems related to their tecbnologicd fields, review
research in progrm both at I?ACA laboratories and in
other organizatio~ recommend rwearch projects to be
undertaken, and a- in the coordination of remwxh
programs.

Membership on the technical committees and sub-
committees, as well as the Industry Consulting Com-
mittee, is listed in part H. of this report, b- on
page 54.

Coordination of researchesalso accomplished through
frequent discussions by NACA technical s@Lffperson-
nel, with the research organizations of the aircraft
industry, educational and scientific. institution+ and
other aeronautical agencies. The NACA m+rkains a
West Coast officeto further liaison yith the aeronautical
rw,earch and engineering staffs of that geographical
area.

2

~ HOW IT OPERATES

During the 28 years @rice its organization as an
independent Federal agency, the NACA has sought
to assess the current status of development of air-
crafi both civil and military; to anticipate the research
needs of aeronautics; tm develop the scientific staff
andspecial research facilities required, and to acquire
the needed information as rapidly as may be co@stent
with the national interest.

The NACA’S research programs have had both the
lo~-rangg all-inclusive objective of acquiring the new
scientific knowledge essential to awe American
leadership in aeronautics, and the immediate objec-
tive of solving, as quickly as possibl~ the most pressing
problems, thus to give effective support to the Nation’s
current aircraft construction program.

Most of the problems to be studied are assigned to
NACA’S research centers: the Langley Aeronautical
Laboratory in Virginia, where research is conducted on
aerodynami~ structur~ hydrodynamic, and other
problems; the Ames Aeronautical Laboratory in
California, which concentrates on aerodynmnic re-
search, and the Lewis Flight Propulsion Laboratory
in Ohio, which is concerned primarily with power-
plant problems. Smaller NACA research installations
are located at Wallops Island, off the Virginia Co@
where aerodynamic problems in the transonic and
supersonic speed ranges are studied using rocketi
powered mbdels in free flight, and at Edwards Air
Force Base, California, where speci@ly designed,
specially instrumented research aircraft are used in
full-scale flight research on txansonic and supemonic
problems.

In its work, often with research tools requiring use of
air under great pressure and high temperature, the
NACA has had to maintain constant vigilence to as-
sure maintenance of adequate safety for its employees.
Evidence of the successof the NACA’S continuing pro-
gram of accident prevention was the receipt of two
a-wardsfrom the National Safety Council in 1953.

On August 6, 1953, the Langley Aeronautical La-
boratory received the Council’s highest award, the
Award of Honor. This recognition of good safety was
the result of the 3,300 employees at the laboratory
having worked a total of 8,825,640man-hours without a
disabling injury, in the period November 8, 195!2,to
May 1, 1953. The Council’s Award of Merit was pre-
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sented to the Lewis Flight Propulsion Laboratory for
its 2,400 employees having worked 1,167,588 man-
houra without rL disabling injury for the period
February 17,1953, to May 13,1968.

The NACA also sponsors and iinances a coordinated
program of research at 20 nonprofit scientific and edu-
wtional institutions, including the National Bureau of
Standards and the Forest Products Laboratory. By
this means, scientists and research engineers, whose
skills and talents otherwise might not be availabl~
contibute importantly to the Government’s program
of aeronautical research. Promising students also re-
ceive scientific traning which makes them useful
additions to the country’s supply of technical
manpower.

During the fiscal year 1953,the followiqg institutions
prwticipnted in the NACA’S pro.gmm of contract
resenrch:

National Bureau of Standards
Forest Pr6ducts Laboratory
Battelle Memorial Institute
Polytechnic Institute of Brooklyn
California Institute of Technology
University of CalifornirL
University of C~ornia at L& Angeles
Carnegie Institute of Tecbncilogy
Case Institute of Technoloe~ .
University of Chicago (NORC)’ ‘
University of Cincinnati
Columbia University
Cornell Univemity
University of Florida
Georgia Institute of Technology
Iowa State College
Johns Ho@ns University
Massachusetts Institute of Technology
University of Michigan
UniversiQ of Minnesota
Pennsylvania State College
Universi@ of Pittsburgh ‘
Purdue University
Syracuse University
UniversiQ of Wisconsin

Proposals from such institutions. are carefully
screened to assure best use ,of the E&&d @rids avail-
able to the NACA for spops-oring +. outside its
own facilitiw. Similarly, remdts,fro~ ,tlmw projects
arereviewed to maintain the quali~’of ,~s part+we
NACA pI’OgI’S.m. RCPOlfS of the q@ results are
given the same tide distribution ~ other NACA
publications. ,-. .

During the ik.al year, most of the NAQA technical
subcomqiitteesreviewed proposals for re+ea.rchprojects
from oq@ide organizations, or gave ak.tion to reports
from .:completed contracts Reports cmering resds .
of sponsored research totaled 62 during iiscal year 1953.

Research information, including%hat obixiined in the
Committee’s laboratoriw and elsewhere under NACA
sponsorship, is distributed in the form of Commitbm
publications. Reports and technical not% containing
information that is not clamified for reasons of military
securi~, are available to the public in gqrmral. Trans-
lations of important foreign re+mch information are
published as technical memoramhiim

The NACA also prepares, a largp numbm of reports
containing information of cl@fied nature. Thes~
for reasons of national security, are closely controlled
as to circulation. When it is fo~d possible at a lati
date to declassify such.information, these reports also
may be given wider distribution.

Current announcement of NACA publications is con-
tained in the NACA Research Abstracts. This servi%
in addition to telling of NACA publications, makes
note of important research reports received from
abroad. 1.

b addition to other means of research information
readily availabl~ the NACA each year holds a number
of technical conference tith representatives of the
aviation indus@, universities, and the military serv-
ices. Attendance at these meetings is restricte~ be-
cause of the securi~ classification of the material pre-
sented, and the subject material is focused upon a
speciiic field of interest. During the &c-al year 1953,
two such technical conferences wwreheld.

1,



UNITARY WIND TUNNELS

During 1953the prototype of the USAF F–1OOSuper
Sabre @ghter, designed and manufactured by North
American Aviation, In&, made its ilrst flight. It
since has repeabxlly reached supersonic speeds in level
Orclimbing flight.

Accomplishment of faster-than-sound velocities, by
an airplane now in production and soon to be assigned
to tactical units of the Air Forc~ underlines the great
progress made in aeronautics during the past decade.
Widely published predictions that tomorrow’s tactical
airplanes will fly at least twice as fast (a speed already

. attained by special research aircraft) seldom attempt
to detail the problems which first must be solved, or
to recount the vigorous steps being taken to conquer
those problems.

It is hardly 10 yenrs since Germany was preparing
to make use of four radically new weapons of war,
the V-1 buzz bomb, the supersonic V–2.guided mkile,
the Messerschmitt 262 jet @hter, and the Messer-
schmitt 163 rocket interceptor. It is 1S than 10 years
since the United States bebu planning the postwar
steps vvhichwould be required, by way of research and
development to insure fullest exploitation of the mili-
tary possibilities of supersonic aircraft and missiles.

In the immediate postwar period it became apparent
that there would be required a large national invest-
ment in wind tunnel equipment to enable attaining,
and maintaining, the degree of technical supremacy in
aeronautics which was felt imperathm The problem
was given careful and detailed consideration by the
Department of Defens~ the NACA, represmtatives
of the aviation industry, and others, and a master plan

‘ was prepared to provide America’s wind tunnel needs.
From those studies, beginning in 1944 and continu-

ing into 194’7, several important conclusions were
reached, in addition to formulation of the master plan
covering wind tunnel needs Among these were the
following :

(1) Farsighted congressional support, during the
decade prior to Amerim’s entry into World War II,
had enabled construction by the NACA of large high-
speed, though still subsoni~ vvind tunnels It was felt
they would be substantially adequate for anticipated
research requirements in this speed range.

(2) In the past the needs of the aircraft industry
for wind tunnel facilities in vvhich to conduct develop-
ment and evaluation work had been largely satisfied
by the availability of such facilities at their own plan%
at educational institutio~ and elsmvhera
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(3) Prior to World War IC, a fund of basic aero-
nautical information had been gathered in the United
States, by the NACA and educational institutions.
This information was in advance of aviation practice,
and could be drawn upon by the industry. By the end
of the war, the fund of aeronautical information was
seriously depleted; practice was running dangerously
close to the forward limits of basic lmowledge.

(4) Large wind tunnels and other facilities emential
for development and evaluation tiork in the transonic
and supersonic speed ranges would be so costly as b
make it impossible for the industry to acquire such ‘
equipment for its use. The cost of a single supersonic ‘
tunnel large enough for development and evaluation
work was calculated to be from $20,000,000to $40,000,-
000 each. The alternative wns to provide centralized
Government facilities.

In April 1946 it was agreed thnt the phms being
promrdgnted by the several ngenc.iesstudying Amer-
ica’s wind tunnel needs should be nssessed compre-
hensively, thus to eliminate noneesentinl facilities ns
well as to ~ward against costly duplication. The task
was undertaken by a Special Panel on Supersonic Lrtb-
oratory Facilitiw, with NAC,A member Arthur E.
Raymond the chairman, and composed of representa-
tives from the Army Air Corps, the Navy, the Joint
Chiei%of Staff Guided Missiles commi~ the aircraft
industry, the ~ircraft engine mnnufncturers, nnd the
NACA.

The recommendations of this group, known M the
Raymond Panel, were in the form of Lcoordinated plan
for vi-id tunnel procurement to nccommodrde the re-
quirements of the agencies and the industry which
shared responsibility in the task of attaining for the
United States technical supremacy in aeronautics. The
&mated cost of the facilities involved was $2#00,-
000,000,roughly the cost of the A-bomb.

During this period, Dr. Vannevar B@ then mmem-
ber of the NACA, used the word “Unitary” in describ-
ing the national scope of the proposnls. His phrasing
characterized the unified nppronch tmkento ncquhe m
mnture nnd informed assessment of the wind tunnel
needs of the United States, nnclnsthe studiescontinued,
the name ‘Wnitary Wind Tunnel Plan” was adopted.

Realistic as had been the !$2#O0,000,000procurement
pro=~ prop”osedby the Raymond Panel, it was np-
parent that drastic downward revision of the total cost
vvasimperative. In Jume 1946, the NACA establishwl
a Special Committee on Supersonic Facilities, with
Dr. J.C.Hunsaker the chairman. The report of this
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committee, made the following January, proposed an
integrated program of transonic and supersonic wind
tunnel construction which would provide the facilities
needed for both basic research and for development and
evaluation work With the necessary service facilities,
the technical tools were estimatedto cost $1,068,000,000,
approximately one-half the original amount.

‘When, if ever, new aircraft and missiles need to be
provided in great quantity, cannot be determined now,
yet their design cannot be improvised when aeeded~’
the committee observed. ‘We do know that the art
is not stationary and that immemwadvantages in effec-
tiveness are possible by practical applications of now
predictable advances in aeronautical science. It is pro-
posed, in essence, that the United States proceed to
discover and make pmctical application of the possible
advances in aeronautical scienc~ and, by so doing,
maintain its position of leadership in the air.”

The basic Unita~ Plan, as drafted by the special
committee, included 16 small tunnels to be constructed
at universities. These tunnekj it was proposed, vould
be used in providing better training of graduate stu-
dents in supersonic aerodynamics The lam also

1listed new tunnels to be built at exkting N CA lab-
oratories and at a Navy facility as electric power re-
quirement%permitted. To provide the largest of the
new tunnels, the plan proposed creation of a National
Supersonic Research Center, to be operated by the
NAC& and a new Air Force establishment for the
largest of the development and evaluation facilities.
The two new research centers were to be located at sites
where the .geat quantities of electric power needed in
operation of the tunnels would be available.

Following adoption by the NACA, early in 1947, of
the report of its special committee, the proposals were
forwarded to the National Military Establishment for
consideration by what was then the Joint Research
and Development Board. This action was taken so
that, following concurrence, the Unitary Plan could
be presented to the Conggess jointly by the military
services and the NACA., For practical reasons, still
further reduction in the recommendations followed, re-
sultirg in agreement upon a minimum program, in-
volving appropriations over a Ei-year period which
totaled about $600,000,000.

on October 14, 1947, the Bell X-1 was piloted by

then Capt. Charles E. Yeager, USAF, on a flight that
attained supersonic speed. The airplan~ one of sev-
eral specially designed research aircra~ was th~ prod-
uct of a joint undertaking in which the military servic~
the aircraft industry and the NACA were partners.
The fact that, for the first time, supersonic speed had
been achieved in level or climbing f@ht vvw the more
impressive because the airplane’s desigq features were,
basically, so conventional. If anything, the speed of

this remarkable airplane brought into sharper focus the
urgent need for the facilities envisioned by the Unitary
Plan.

The Unitary Plan was studied by the President’s
Air Policy Board which, in its report to the President
.January 1, 1948, concluded “. . . the United States
is dangerously short of equipment for research in the
transonic and supersonic speed ran=- This de-
ficiency should be remedied as quickly as possible. We
recommend that the 16 supersonic tunnels projected
for the univemities be authorized and installed as
quickly as possible . . . We recommend ah that we
proceed without delay in supplemen~u existing
laboratory equipment with the new tunnels projected
under the Unitary Plan in whatever order of priority
and at whatever rate as will be recommended by the
Research and Development Board.”

March 1, 1948, the Conggwssional Aviation Policy
Board, in its repo~ made the following recommenda-
tion concerning the Unitary Plan: “Ph@ml faciliti~
required for transonic and supersonic research and de-
velopment of aircraft and ~tided missiles are so expen-
sive they can be furnished only by Government The
NTACAand the Research and Development Bowd are
preparing a coordinated program of facilities required
in the national interesL Since adequata research and
development facilities are es.xmtial for continued
United States aviation leadership, this plan should be
expedited.”

A month later, in April, the Secretary of Defense
and the Chairman of the ATACA forwarded jointly to
the Bureku of the Budget for approval a draft of pro-
posed legislation to authorize the Unitary Plan. Sup-
plemental appropriation estimate9 to finance initial
phases of the program were also presented.

Following approval by the Bureau of the Budget, the
proposed Unitary Plan legislation was submitted, in
March of 1949, to the 81st Congress. After House and
Senate Committee hearings, followed by a Joint Con-
ference Committee study, the &al version pasmd both
House and Senate on October 19. The Joint Bill was
signed by the President October 27, 1949, and became
Public Law 415, 81st Con-

Composed of tsvo parts, Public Law 415 authorized
appropriation of $258,000,000 for construction of
transonic and supersonic facilities. Of this amount,
$10,000,000was for tunnels at educational institutio~

$136,000,000 was for six large tunnels at the NACA
Laboratories, $7,000,000 was for a eirgle tunnel to be
operated by the hTavy,and $100,000,000was for estab-
lishment by the Air Force of its Air Engineering De-
velopment Ceni%r,at which would be located two pro-
pulsion facilities and a gas dynamics laboratory.

The Deficiency Appropriation Act of 1950, approved
June 29 of that year, included $75,000,000for construc-

.
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tion of three Unitnry Plan supersonic tunnels at the
NACA laboratories: a 10-foot tunnel for engine work
at the Lewis Flight Propulsion Laboratory, an 8-foot
tunnel for aerodynamic investigations at the Ames
Aeronautical Laboratory, and a 4-foot tunnel, also for
aerodynamic investigation% at the Langley Aeronau-
tical Laboratory. No funds were appropriated for
supersonic tunnels at universities

I@ial appropriations for the facility to be operated
by the Air Force, located at TuUahoma, Tenu., and now
named the Arnold En=ginee@v Development Center,
totaled $157,500,000. Additional funds have since been
authorized, bringing the total nearly to $170,000,000.

When in 1944 the planning began which would re-
sult in the Unitary Wind Tunnel Plan the mnximum
speed of airplanes wna slightly over 500 miles an hour.
To ~ at that tim~ about speeds of 1,300 or 1,400
miles an hour seemed but wishful thinking.

On November 20, 1953, NACA Research Pilo~ Scott
Gros&eld, hi another of the special research airplane+
the D-558-II which Douglas had constructed under
Navy contract and with NACA cooperatio~ flew twice
the ypeed of sound (1327 mph at the altitude and tem-
perature at which he was flying). As early as Augus~
1951, Douglas Pilot Wfiam Bridgeman had flown the
Skyrocket 1238 mph- On thw.e flights, w in the case
of the Bell X–1, the resenrch airplane wnslifted to about
30,000 feet by a ‘bother plane” and then .relensed to
m~e its fligh~ The maximum speed was maintained
for only a few seconds; the duration of the rocket en-
gine was less than 5 minutes.

.

The importance of detailed transonic and supersonic
qwimentation, po=ble only under the controlled
conditions of the laboratori~ was not decrensed by
the progr~ made with the research airplanes; rather,
it was increased as attention wns focused more shnrply
upon the esentiali~ of learning how to keep aero-
dynamic drag as low ns possibl~ thus to obtain mnxi-
mum speed with the power plants available.

Th& of course, is a problem that hns been baaic
since the advent of the @rPlane, but today the possible
gain% or losses, cnn be multiplied many times. In the
pax the difference between an optimum design and one
second b~ might at most be only a few miles an
hour. Today, the difference may be mensured, liter-
ally, in hundreds of miles an hour. The ‘%ight” de-
sign may achieve the supersonic speed desired; the
“wrong” design may be unable to attain higher than
subsonic speeds.

The lack of mathematical methods for predicting
theoretically aerodynamic behavior in the speed rnngee
of tomorrow’s aircraft means that this kind of infor-
mation must be obtained through use of experimental
techniques, the most satisfactory of which requires use
of the large wind tunnel of the kind being provided
under the Unitary Wind Tunnel Plnn.

Before the end of 19% the M of the Unitury Plnn
supersonic wind tunnels will be in fruitful use ns (Ltool
in the hands of Amorka’s producers of supersonic nir-
craft and miesiles. The planning of a decade ago be-
gan not a moment too soon.



AERODYNAMICS

The laboratories of the NACA have continued their
basic and applied research programs in the field of
aerodynamics to a=ist in the understanding of phe-
nomena that affect the performance, stability, and con-
trol of current aircraft designs as well as to explore
problems that will be faced by future designs. In ad-
dition to these efforts, test programs associated with
the development of specitlc aircraft have been under-
taken at the request of the military services. These
studies have served to broaden the base of design
knowledge throughout present and anticipated operat-
ing ranges of aircrafi The data have been obtained
through the use of various amllytical as well as ex-
perimental techniques In many casw, special research
equipment was utilized; for example, automatic com-
puters and simulators, transonic, supersoni~ and hyper-
sonic wind tunnels, free-f@ht rocket and drop-body
models, and full-scale research airplanes. Such prob-
lems ns drag and control effectiveness at transonic and
supersonic speeds, airplane tracldng control, and auto-
matic interception systems have been under intensive
study.

The Committee on Aerodynamics and ita subcommit-
tees on Fluid Mechanics, High-Speed Aerodynamics,
Stability and Control, Internal Flow, Propellers for
Aircraft, Seaplanes, and Helicopters have continued to
give guidance to the broad programs of the NACA
laboratories in the aerodynamics field. This past year
a special Conference on Aerodynamics of High-Speed
Aircraft was held at the Ames Laboratory to assist in
the early dissemination of NACA research data. The
conference was attended by many representatives of
the armed services and their major contractors. Their
comments indicated high continued interest in this
method of presenting perti.ient new research informa-
tion to the users.

The following paragraphs briefly describe many of
the unclassitledstudies conducted by the NACA in the
aerodynamics field during the past year.

FLUID MECHANICS

‘l%eoretieal Aerodynamic and Gas Dynamic-a

A method for determining the surface pressures for
a family of two-dimensional airfoils in a sonic or super-
sonic streamhas been developed. The method depends
upon lmotig the pressur~ of one member of the air-
foil family. This technique is described in Technical
Note 2910. For engineering purposes, this technique,

an application of the method of characteristi~ may be
replaced by a simple application of Prandtl-Meyer
flo-ivconcepts. An explanation of the nonlinear force
characteristics of two-dimensional airfoils at transonic
speeds is presented on the basis of sensitivity of these
flow-sto changes in airfoil geometry and angle of attack

Some exact solutions of two-dimensional flows of
compressible fluid have been obtained at the Johns
Hopkins University under NACA sponsorship, and
reported in Technical Note .2886. In this technical note
a suggestion is given for classi&ing certain types of
compressible flows. This seems to offer a convenient
criterion for systematic investigation of these flows by
Chaplygink original method. The object of the paper
is to present and analyze a few useful solutions of
compressible potential flow -with the exact gas law.
These solutiom include flows about convex corners and
the exact solution of compmsible flow through a par-
ticular contracting channeL

Several aspects of transonic flow around the forward “
portions of wedge profiles have been studied by means
of intmferometz-y. Measurements were made of the
two kinds of flow patterns that occur at the lead@
edge of a wedge at an angle of attack The growth
of the supersonic region about a sharp convex corner
formed by two flat surfaces was also observed. The
results reported in Technical Note 2$29 show the drag
of a wedge of 14.50 semiangle at high subsonic Mach
num-hersto be consistent with &at of wedges of smaller
angle when plotted according to the transonic similar-
i~ law. It is demonstrated that part of the flow field
around a hexagon and the wedge could be calculated
rather accurately by the method of characteristics.

The effect of the blunt trailing edge on the presmre
drag of rectangular and delta wings with truncated
diamond-shaped airfoil sections has been studied at
supersonic Mach numbers. Use is made of linearized
theory to evaluata the surface pressures. Comparison
is made betweeh the drag of these wing% and similar
wings with sharp hailing edg~ for various a9pect
ratios and thicknws ratios over a range of stream Mach
number. The calculations of the drag ,daractmistics .
for these wings show that @-nMeant drag reductions
are possible at high supersonic speeds by the use of
blunt trading edges These d.nqgreductions are rela-
tively independent of aspect ratio for the rectangular
wings but depend considerably on aspect ratio for the
delta -wings; the sm~er aspect ratios show the larger
drag reductions. Calculations of the spanwise distri-
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bution of drag me include~ to compare further the
effect of a blunt trailing edge on the ~~ for dilferent
aspect ratios. Th6 reau.ltsof this study am presented
m Technical Note 2828.

In the study of unsteady flows, tvvomethods of using
the concept of linern+zed charactwistics have been de-
rived for the one-dimensional unsteady flow in a tube
that is rotated about an axis perpendicular to the axis
of the tube. One of the methods corresponds to that
used by Ferri in his basic work on the subject. Solu-
tions have been obtained by both methods for boundary
conditions that allow analytic solutions. (%mparison
shows that both methods give the samer~~ but there
are significant differences in their application. This
work is presented in Technical Note 2794.

Steady, shock-free, transonic diffuser flow as affectad
by a small, short-time lowering of back pressure has
been investigated analytically. A previous exploratory
study by Kantiowitz (Technical Note 1225) indicated
that a short-time lowering of the back pressure in this
type of diil-userresults in a stationary or tipped shock
near the critical”sonic channel throat. The new study
(Technical Note 2797) considers the contribution of a
higher-order term neglected in the earlier study. This
more accurate approximation shows that the shock is
not stationary or trapped in the dMuser urd~ it is
supported by a negative si%ady-flow back premre;
thus, the result is no longer in disagreementwith steady-
flow solutions for stationary shocks-.

A theoretical investigation to develop a procedure
for calculating three-dimensional supersonic flows by
the method of characteristics has been completed and
is reported in Technical Note Z3H. The flow was as-
sumed to be adiabatic and inviscid, but may be rota-
tional, and the gas may exhibit both thermal and caloric
imperfections. For flows where the Mach number is
very large compamd to 1, an approximate method was
deduced which considerably reduces the complexity of
the calculations,

In view of the low temperatures and the consequent
condensation processes encountered in wind-tunnel re-
search at h&h supemonic .spee@a pro~-m was initiated
at the National Bureau of Standards, under NACA
sponsomhip, to determine the basic properties of liquid
air and its components, to aid in the development of
the theory of condensation in wind tunnels. In &b
study the condensation pressure of air was determined
over a range of temperatures from 6° to 85° K The
experimental results reported in Technical Noin 2869
are slightly higher than calculated values based on
the ideal solution law. Heat of vaporization of oxygen
and nitrogen was det-ed at four temperatures
ranging from about 68° to 91° K and 62° to 78° K,
rwpectively.

The results of an investigation to obtain the effect
of variable viscosity and thermal conductivity on high-
speed slip flow between concentric cylinders are pre-
sented in Tech&kl Note 2895. The differential equa-
tions of slip flow were first solved by Schamberg
assuming that the coefficientsof viscosity and heat con-
duction of the gas were constan~ The problem is
solved for variable coefficientsof viscosi~ and thermal
conductivity. The method, starthg with the solution
for constant coeilicients, enables one to approximate
the solution for variable cdicients after one or two
steps. This work waa conducted at the Univemity of
Washington under contract with the NACA.

Boundary Layers and Stream Mixing

Determination of the position at which the lamirmr
boundary layer separates from a surface has been the
subject of much theor~tical investigation. Recently, a
sirnpl.ifkd method for estimating the separation point
of a compressible boundary layer has been developed
in Technical Note 2892. This method is based on Von
Doenhoff’s simplilhd solution for the incompressible
case together with %ewartson’s transforms which ex-
press the compressible laminar boundary layer in terms
of an equivalent incompressible laminar boundary
layer. Application of the method indicates that an
upstream movement of the laminar separation point
accompanies an increase in Mach number.

The flow over iniinite wedges has been investigated
theoretically to test a conclusion previously renched by
the use of Schlichting% approbate method for the
crdculation of the laminar boundary layer. By the use
of the velocity profles determined by H&me from a
numerical solution of the boundary-layer equations for
wedge flows, and by the use of Lin’s rapid method for
the calculation of the critical Reynolds number of a
velocity profil~ the result is obtained that a thick
velocity profile on one wedge can be more stable than a
thinner profile on a wedge of d.iferent angle although
the velocity outside the boundary layer and the pres-
sure gradient are the same for both profdes. This
result coniirms the conclusion reached by the use of
Schlichting’s approximate method. This investiga-
tion, which is reported in Technical Note 2976, also
leads to the inference that the calculated effects of a
chaqge in boundary-layer thickn- on the stability and
on the local roughness Reynolds number should be
essentially unchanged by replacing the Schlichting
single-parameter family of velocity profiles by the Har-
tree single-parameter family of velocity profiles.

Extensiv6 regions of laminar flow with resuhnt
large reductions in drag maybe attained at large values
of Reynolds number by means of continuous suction
of the boundary layer (Report 1025) provided that the
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airfoil surfaces are maintained sufficiently smooth and
fair. To provide quantitative information on the sta-
bilizing effect of continuous suction in the presence of
‘iinite disturbances, an extension of the previous- in-
vestigation, Technical Noh 2796,was made in the Lang-
ley low-turbulence pressure tunnel on an NACA
64AO1O airfoil having deliberately added two- and
three-dimensional surface disturbances. Continuous
suction allowed only a slight increase in the size of a
small, iinite surface disturbance required to causs pre-
mature boundary-layer transition as compared .tith
that for the airfoil without suction. With or tithout
continuous suctio~ the maximum size of a protubermim
that will not cause premature trandion is small with
respect to the boundary-layer thiclmess. I

Most available experimental values of average drag
codlicient for laminar flat-plate flow have been obtained
by total-pressure surveys of the boundary layer. At
supersonic speeds most of these data have shown dis-
crepancies in the range of 10 to 100 percent between
theoretical and apparent experimental average flat-
plate friction drag coefficients. An investigation of
the causes of these discrepancies is treated in Technical
Note 2891. Of the many factors investigated, only the
effect’ of total-pressure probe size waa found to be
significruk A correlation describ~ the relation be-
tween friction-drag discrepancy and probe-tip height
is presented.

For high-speed flight at very high altitudes, a knowl-
edge of the behavior of air flow in rareiied gases is of
importance. The first-order ~olution for the huninar
compressible boundary-layer flow over a flat plate at
constant wall temperature is given in Technical Note
2818. The effect of slip at the wall as well as the
interaction between the boundary-layer flow and the
outer stream flow are taken into consideration The
solution indicates a decrease in “heattransfer and, for
supersonic flow, an increase in skin friction relative to
the standard continuum solution.

An investigation has been conducted b determine
the average skin-friction drag coetlicient9 of a para-
bolic body of revolution having a iineness ratio of 15.
Average skin-friction drag coefficients were obtained
from boundary-layer total-pressure measurements on
the body in water at Reynolds numbers from 4.4 x
106 to 70 x lV. The body was sting-mounted at a
depth of two maximum diametem. The average skin-
friction drag coefficient for the forward 69 percent of
the basic body in incomp=ible flow is very nearly the
same as that for flat plates. The distribution of
boundary layer around the body is not uniform over
part of the Reynolds number -, apparently b@ig
affected by a very small cross-flow componenk The
results of this investigation are presented in Technical
Note 2854.

Systematic experiments have been conducted over
the past few years to measure the magnitude of tur-
bulent skin friction at high tlight velocities. Such ex-
periments are required in order to determine the amount
of aerodynamic heating, as well as the drag of super-
sonic missles and aircraft. One such investigation
covered a range of Mach numbers from 0.5 to 3.6, and
a range of Reynolds numbers from 4 to 32 million. A
summary of the more significant results of the study
has been published by the Institute of Aeronautical
Sciences in the July 1953 issue of thb Journal of
Aeronautical Scienctx

The experiments showed no appreciable effect of
moderate changw in pressure distribution on average
skin friction. At both subsonicand supersonic veloc-
iti~ the skin-friction codlicient was observed to de-
pend only to a small extent on body fmen- ratio. For
each body tested, however, the effect of Mach num-
ber was found to be large, amounting to approximately
n tiO-pement reduction in akin-friction coe.iliciaut as
the Mach number was increased. This eilect of Mach
number was found to be the same for all Reynolds nnm-
bers investig&ted.’

At high subsonic speeds, the boundag layer-at a
given Reynolds number is thicker than that at lower
speeds because of the large temperature gradient across
the boundary layer. This thick boundary layer e&-
tively distorts the body contours and thereby causes
deviations from the pressure dish-ibutions predicted
by theories which takwno account of viscous effects. A
simplified analysis has been mad% based on results ob-
tained by Busemann in 1935. Busemann indicated that
the velocity proiile across the boundary ‘layer formed
on an insulated flat plate is approximately linear at
high Mach numbers. A comparison of results from
the theoretical analysis with experimental pressnms ,
from a flat plate at a Mach number of 6.86 (presented in
Technical Note 2773) shows good agresment at the low
angles of attack except for the low-pressure snrfac%
where the a=mement is poor. It was found that at o
Mach number of 6.86, pressures over an airfoil with a
circular-arc proiile can be predicted with fair accuracy
over a wider range’ of angle of nttack than is possible
for the flat plate.

The behavior of the boundary layer about a cone at
angles of attack is of particular interest in connection
with the design of inlets and missile fuselages, In
Technical Note 284+ the huninar boundary-layer flow
in the plane of symnietry of a circular cone at large
angles of attack in a super-sonic stream has been an-
alyzed. Beyond a certain critical angle of attack, it
is found that boundary-layer flow does not exist in the
plane of symmetry, thus indicating separation. This
/dritical angle is presented as a function of Mach number
and cone vertex angle.
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The reflection of a weak shock wave from a boundary
layer along a flat plate has been investigated by Cor-
nell University. The problem has been simplified by
dividing the flow field into a viscous layer near the
wall and a supersonic potential outer flow. Ordinary
linearized theory has been applied to the outer flow
inasmuch as the study, presented in Technical Note
2668, has been restricted to infinitesimal compression
waves and only small perturbations are encountered.
The paper deals primarily with the case of laminar
flow, and the boundary-layer treatment is based upon
the momentum-integral equation previously derived
by Howarth. A seeond report on the subjec~ Tech-
nical Note 2$69, gives the rate of deeay of the dis-
turbance and the character of the disturbances up-
stremn and downstream from the point of incidence.

In a simplified inviscid model of shock-wave bonnd-
ary-layer interaction, Tsien and Ftin “replaeed the
boundary layer by a uniform subsonic stream bounded
on one side by a solid wall. This model fails to simu-
late the separated region that generally appears in a
huninar boundary layer subjected to an oblique shock-
wave of moderate strength. in order to introduce a
main feature of such a dead-air region, the model has
been modified by replacing the solid wall by an inter-
face with fluid at rest alo~mwhich the boundaxy con-
dition of constant pressure must be satisfied. The dis-
tortions of the upper and lower surfaces of the simu-
lated boundary layer are found to be similar, exeept ih
the immediate vicinity of the incident sho& to the
contour computed for the interfaee between supersonic
flow at the same Mach number and a dead-air region.
These resuk+ reported in Teehnical Nota 2660, sup-
port the inference that the separated reggon dominates
the behavior in the immediate vicini~ of the shock and
that the upper surface of the boundary layer behaves,
in that vicinity, substantially as if the entire boundary
layer were replaced by a dead-air reggon.

Results of a tlight investigation made at free-stream
Mach numbers up to about 0.77, to determine the
effect of laminar and turbulent boundary layers on
the chord-wise pressure distribution over an airfoil in
the pre.sencaof shock at full-wale Reynolds numbers
(up to 21 x 10’), are reported in Technical Note 2765.
In this study, boundary-layer and pressure-distribu-
tion measurements were made on a shori%pan airfoil
built around the wing of a fighter airplane. The re-
sults indicate very little diference in presmm distribu-
tion, and hence in the forms and moments acting on the
airfoil, with laminar and turbulent boundary layers
extend@ up to the position of shock These results
are in contrast to those of other investigations made at
low Reynolds numbers (up to 8 x 1(F) which indicated
large pressure differences extending over an appreciable
extent in the chordwise direction.

.

An experimental investigation has been made to study
the airflow characteristics in the vicinity of Qrectangu-
lar vving of low aspeet ratio by means of photographs
of a tuft grid located at various chordwise positions
along and behind the airfoil. The resul@ reported in
Teehnical Note 2790, showed tha~ at the foremost
chordwise station considered (0.125c), the trailing
vortices were distinctly visible and indicnted a rapid
rolling up of the trailing vortex sheet into the vortex
cores. The cores appesred to leave the wing at ap-
proximately 0.125c vvith an initial slope somewhat 1sss
than the wing angle of attack, The slope decreased ‘
with increase in distance behind the wing. The slopes
of the vortic@ are predicted very well by the theory of
Bollay for low-aspect-ratio wings. The photographs
showed no lateral displacement of the vortices vvith
change in angle of attack. The ohord%e growth of
lift, and the net lift on the model, could be calculated
with good aeenracy from information obtained by the
tuft-=tid photographs.

The mean-camber surfaces for vvingshaving uniform
chordwise loading and arbitrary spamvise loading in
subsonic flow have been determined and recorded in
Technieal Note 2908. It is shown that, for the design
of such wings, the slope of the mean-camber surface at
any point can be determined by a line integration
around the wing boundary. By an additional line in-
tegration around the wing boundary, this method. is
extended to include the ease where the local section lift
varies with span-wiselocation (the ohordwise loading at
every section still remaining uniform).

The high landing speeds of modern aircraft have dic-
tated a need for studies of the effects of high speeds .
(Maoh numbers between 0.1 and 0.4) on the maximum
lift. An investigation has accordingly been made to
determine the dlect of such Mach number variations
on the maximum lift of four NACA 6-series airfoil
sections. The study, reported in Techniud Note 2824,
was made for severaI values of Reynolds number and
indicates that marked reductions in maximum lift may,
in some cas~ accompany increases in Mach number
from 0.1 to 0.4.

Results of work presented in a previous annual
report, to improve the characteristics of airfoils of
large thielmess ratios emphasized the potential gains
to be realized, for both range and maximum lift con-
siderations, from the application of boundary-layer
control as a means of eli+nimting wing-flow separation.

In order to evaluate the system more completely, a
high-aspect-ratio wing (aspect ratio 20) having very
thick root seetions and equipped with a single suction
slot at the 60-pereent-chord station on the upper surface
Was investigated. The results of this study, reported
in Technical Note 2980, show that discrete design of the
suction slot to insure optimum apantie suction control,
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resulted in lift-drag ratios as high as 30.8 at a lift co-
ellicient of 0.9 and a masimum lift coefEcient of 4.2
could be realized with flaps deflected and full-span
boundary-layer control applied. The drag equivalent
of the power expended for the boundary-layer control
and the effects of wing leading-edge roughness are also
noted in the report.

An investigation of the low-speed aerodynamic
characteristics of a two-di.mension~ 10.Ei-percent-thi*
symmetrical airfoil with area suction near the leading
edge has been completed. The results of the invwti-
gntion have been presented in Technical Note 2847.
The maximum lift of the basic.airfoil without suction
was 1.3. With a suction flow coeilicient of O.001~ a
maximum lift coefficient of 1.78 was obtained.

Technical Note 2867 presents the results of a study
of the stability of the mixing of two parallel streams
in a gas. It is shown tha~ when the relative speed of
the two pnrallel streams excewk the sum of their re-
spective velocities of sound, subsonic oscillations cannot
occur and the mixing regtion may be expected to be
stmblewith respect to small disturbances. It is further
shown that, when viscosity and heat conductivity are
neglected, if the flow can execute a small, neutral, sub-
sonic disturbance, it can also execute self-excited oscil-
lations of longer wave len=g, and damped oscillations
of shorter wmvelengths. Additional developments of
the mathematical theory of asymptotic solutions show
that, at high Reynolds numbers, the damped oscillations
in a strictly parallel main flow have a structure similar
to that of the vortici~ field in fully developed flow.
This work was conducted at the Massachusetts Insti-
tute of Technology.

Turbulence

Measurements, principally with a hot-wire anemom-
eter, were made at the National Bureau of Standards,
under NACA sponsorship, in fully developed turbu-
lent flow in a 10-inch pipe at speeds of 10 and 100 feet
per second. This work, conducted under sponsorship
of the NACA, is reported in Technical Note 2954. It
is shown that rates of turbulent-energy production,
dissipation, and diflhsion kve sharp maximums near
the edge of the laminar sublayer and that there exists
a strong movement of kinetic ener~ away from this
point and an equally strong movement of pressure
energy toward ih It is suggested that the flow field
may be divided into three regions: wall proximity
where turbulen~ production, transfer, and viscous
action are of about equal importance; the central region
of the pipe w-hereenergy diilusion predominates; and
the intermediate region where the local rate of change
of turbulent-ener= production dominates the energy
received by Wlusive action.

Wake development behind circular cylinders at
Reynolds numbers from 40 to 10,000was investigated by

.
hot-wire techniques in a low-speed wind tunnel of the
California Ins&te of Techno~ogy, under contract with
the NACA, & reported in Technical Note 2913, the
Reynolds number range of periodic vortex shedd@ is
divided into two distinct subranges. In the stable .
ra~~e,’Reynolds numbers from 40 to 150,regular vortex
streets are formed and no turbulent motion develops,
the vortices decaying by viscous difhsion. The range
of Reynolds numbers from 150 to 300 is a transition
reggon to the irregular range in which turbulent veloci~
fluctuations accompany the periodic formation of
vortices. The diffusion is turbulent and the vvakebe-
comes fully turbulent in 40 to 60 diametw. The tur-
bulence is initiatid by laminar-turbulent transition in
the free layers which spring from the separation points
on the cylinder. An annular vortex streetwas observed
in the wake of a ring.

In Technical Note 2878, a linearized analysis is pre-
sented on the combined efkct of a series of damping
screens followed by an axisymmetic-stream conver-
genc~ or divergen~ upon the lo&itudinal and lateral
turbulence velocity iluctuatio~ scales, correlations,
and spectra of ‘a turbulence field described by a triple
Fourier integr~ in the absemmof viscosi@. & ap-
proximate method of taking into account the effects of
turbulence decay upon the mean-square fluctuations.
velocities thus obtained is also presented.

In measurementsmade with a hot-wire anemometer
in a. supersonic strwm+ where a detached bow wave
stands ahead of the wir~ proper interpretation re-
quires a lmowledge of the eilqcts of convection of tur-
bulence through the shock wave. The passage of a
single representative shear wave through a plane shock
is txeated in Technical Note 2$64, The analysis indic-
ates the refraction and modification of the shear wave
with simultaneous generation of an acoustically intense
sound vave.

Aerodynamic Heating and Heat Transfer

An iteration method is presented in Technical Note
2916 for solving the laminar-boundary-layer equations
for compressible flow in the absence of a pressure
gradient wherein the temperature variation of all the
fluid thermal properties is considered. Friction and
heafitransfer characteristics have been calculated for
a stream temperature of —67° F7 for Mach numbers
from 1 to 10,with values of heat capacity, conductivity,
and viscosity determined from experiment. Consid-
eration of the temperature variation of all the fluid
thermal properties causrx+the recovery factor to de-
crease substantially -with increasing Mach number.
Moreover, the heat-transfer rate is found to be propor-
tional to the difference between an effective enthalpy,
which fi a function of both the surface temperature
and stream Mach number, and the surface enthalpy.
In contrast, the heat-transfer rate is approximately
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proportional to the difbrence between the recovery
enthalpy and the surface enthalpy for solutions which
employ a constant Prandtl number. The c@culated
skin fiction and heat-transfer rat+ based upon the
use of the Sutherland equation for viscosity and a
Prandtl number of 0.75,however, am h excellent Q~=e-
ment with the results of the present analysis.

HIGH-SPEED AERODYNAMICS

Airfoils

A generaI theoretical method has been developed for
determining the airfoil shape having the least po~ble
drag for a variety of structural criteria. This method,
described in Technical Note 2787, is based on shock-
~afion thmrY and is, therefo~ applicable at hwer~
sonic velocities as weIl as supersonic velocities. It is
found, in all cases, that the simpler linearized them-y
is adequate for determiningg the shape of the optimum
proti~ even at Mach numbers approaching infinity.
However, shock-expamion theory mti be wed to ~-
crdatethe drag.

A theoretical study has been made of the aerodynamic
characteristics at small angks of attack of a thin,
double-wedge pro~e in the range of supersonic tlight
speed in which the bow wave is detached. The aero-
dynamic characteristic of a profile of given thiclmess
ratio are found to have little variation with free-stream
Mach number as the Mach number passes through 1.
& the Mach number is increased to higher values,
however, the lift-curwa slope rises to a pronounced
maximum in the vicini~ of shock attachment and then
declines. These findings, reported in Technical Note
2$32, are in contrast to previous results for the drag
coefficient at zero angle of attack, which was found to
decrease progrwsively as the Mach number increased
above 1.

An investigation of the flow past a 1.2-percent-thick
biconvex circular-arc protlle at zero angle of attack hss
been conducted utihzhqg the interferometer technique.
The purpose of the investigation was to obtain pressure
distributions on the model and Mach number diXribu-
tions in the field around the model with laminar and
turbulent boundary layers and to study the flow con-
ditions along and at the bases of the shock waves that
occurred at the higher Mach numbers and that inter-
acted with turbulent boundary layers- The range of
Mach numbers was 0.61 to 0.89. The results presented
in Technical Note 2801 show that sonic speed is &
reached at an indicated Mach number of about 0.74 and
the contours of constant Mach number in the supersonic
region change from the symmetrical to the symmetri-
cal type at an indicated Mach number “of about 0.78.

W“ings and Bodies

Calculations have been made by means o~ linear
theory to determine the supersonic wave drag of a non-
lifting, symmetrical, double-wedg+profih+ delta wing,
the thiclmes9ratio of which variw linenrly in the span-
wise direction. h general, it was found, from the re-
sults presented in Technical Note 2858,that a deltn wing
with linearly varying thicknem ratio can have less wave
drag thama constant thicknes ratio delta wing of the
same plan form, when both wings have either the sfime
projected frontal area or the same internal volume.
The thickryss distributions for minimum drag and the
corresponding values of the ratio of the drag of wwing
with linearly varying thickness ratio to a wing with
constant thiclmess ratio were found.

On the basis of linearized supemonic-flow theory,
equations for the span load distributions resulting from
constant angle of attack, steady rolling veloci@, steady
pitching veloci@, and from constant vertical accelera-
tion have been dqrived for a series of thin, sweptback,
tapered wings. The resulti, which are valid pt those
supersonic speeds for which the wing leading edge is
subsonic and the wing trailing edge is supersonic, are
published in Technical Note 2831. Charta are pre-
sented @ich permit rapid estimation of the load dis-
tribution for given values of aspect ratio, t~per ratio,
Mach number, and leading-edge sweepback.

Few data are available to serve as a guide in the
design of the aft sections of supersonic bodies or as a
basis for estimating the wave drag and the associated
aerodynamic loads. Available data indicate that po-
tential theory can be used to predict thesecharacteristics
adequately for most dwi.gn purposes. In Technicnl
Note 2972 are presented the afterbody pressure dis-
tributions and wave drags calculated on the basis of a
second-order theory for conical, tangent-paraboli~ imd
secant-parabolic boattails for Mach numbers from 1.5
to 4.5, area ratios from 0.20 to 0.80, and boattai.1angles
from 3° to 11O. For a specfic Mach number, area ratio,
and fineness ratio, the conical boattd has the smallest
wave drag of the three types considered.

Technical Note 2944 presents zero-lift drag data of
a slender body of revolution with and without stabil-
izing lins attached. Results from several wind tunnel
studies and from free-air-flight tests are compared.
These data cover a Reynolds number range from about
1 x l@ to 40 x lW for the wind-tunnel models and
12 x 10’ to 140 x l@ for the free-flight models. The
Mach numbers covered include 1.5 to 2.4 in the wind
tunnels and 0.85 to 2.5 in tlight.

Research Equipment and Techniques

Precise measurement of low absolute pressures in
supersonic wind tunnels has been a problem requiring
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solution for some time. A precisq stable, rapid-re-
sponse Pirani gage, described in Technical Note 2946,
has been developed at Langley as one possible soultion
to this problem. Because of the small size of the gage
it has low lag characteristi~ and can be mounted close
to the pressure orifices, which is an advantage for many
installations. The paper describes techniques of cd i-
bration, and use of this gage. Measurements of read-
ing errors not exceeding *2 percent, errors in lag not
exceeding 1 second, and errors in calibration shift of 2
percent per year are shown. A description is also given
of operating equipment for recording the pressurw.

& the result of the need for a convenient and system-
atic means of selecting, designing, or redesigning a
presmme-measuringsystem to meet the time require-
ments of mparticular installation, a method has been
obtained at Langley for the determination of time lag
in pre9sure-measuring systems incorporating capillar-
ies. Calculated and experimental data, presented in
Technical Note 2793, show that response time in a pres-
sure-measuring system incorporating capillaries is a
function of the oriiice pressure, initial pressuredifferen-
tial, and system volume. The study also shows that the
response time is directly propo~onal to capillary
length and to the viscosity of the gas in the capillary,
and inversely proportional to the fourth power of the
capillary dhrnetar.

Hot-wire turbulence-measuring equipment has been
developed to meet the stringent requirements involved
in the measurement of fluctuations in flow parameters
at supersonic velocities. The higher mean speed neces-
sitates the resolution of higher frequeng components
than nt low speed, and the relatively low turbulence
level present at supersonic speed makes necessary an
improved noise level for the equipmenk “The equip-
ment is adaptable to all-purposa turbulence work with
improved utility and accuracy over that of older types
of equipmenk This research was carried out by the
National Bureau of Standards under the sponsonhip
of the ?YACA and is reported in Technical Note 2S39.
Sample measurements me given to demonstrate the
performance of the equipment.

An experimental investigation has been conducted
to determine feasibility of using an X-ray densitom-
eter to measure air densities in disturbed flow fields at
high supersonic speeds. It has been concluded from
measurementsin conical flow fields that density can be
determined with su5cient accuracy at the low densities
encountered to establish the instrument as a useful
research tool. This work is reported in Technical Note
2846.

A low-cost interferometer that is easy to adjust and
has a large field of view has been investigated. This
instrument, which is based on a principle discovered
by ICraushaar, uses small Wfraction gratings to pro-

.

duce and recombine separate beams of light. The usual
two-parabolic-mirror schlieren system can be converted
inexpensively to n diffraction-=mting interferometer.
Experimental dnt~ presented in Technical Nok 2827,
have been obtained which verify the ability of the in-
strument to provide valid and reliable measurementi of
air density.

A new shadovvgraph technique for the observation
of conical-flow phenomena in supersonic flow has been
investigated. The particular advantage of this tech-
nique over conventional types of Shado,w=mph or
schlieren systems is that it permits observation of the
conical-flow phenomena in a plane normal, or nearly
normal, to the axis of propagation. As presented in
Technical Note 2950, the-principle of the shadowgraph
is utilized by superimposing a conicnl light field upon
a conical flow field in such a way as to project the
shadowgraph on a propeller screen viithin the test sec-
tion of the tunnel. Preliminary tests with a triangular
wing gave satisfactory results.

A new high-speed photographic technique has been
developed which employs a varinble-frequency light
synchronized with a commercially available 16-milli-
meter high-speed motion-picture camera vvithout ap-
preciable alterations to the camera. The technique is
described and results obtained by this technique of
photographing the flow past models in a wind tunnel
employing the scb.lieren method of flow visualization
are presented in Technical Note 2949. The photo-
graphs show that the new technique, through the use
of extremely short exposure times (about 4 microsec-
onds), provides more sharply detined pictures through-
out the flow field than were obtained by conventional
techniques.

STABILITY AND CONTROL

static stability

Requirements for satisfactory high-speed perform-
ance have resulted in aircraft conftguratipns that d.jffer
in many respects from previous designs. The low-
speed longitudinal stability characteristics of wing
confi=ggmationssuitable for high-speed flight, includ.@
the @ect of high-lift devic+ hnve been the subject of
extensive studies. The static lateral stability charac-
teristics of wing COnfi=WtiOnSsuitable for l@h-speed
&uh~ includ.@ high-lift devices, have been the subject
of study in the La@ey stability tunneL Itecsntly
reported were the results of a study utilhiqg a 45o
sweptback wing in combination with a fuselage. These
data, presented in Technical Note 2819, show that for
moderate and high values of lift an increase in the span
of a trailing-edge flap with or without a leading-edgg
slat generally caused an increase in the eikctive
dihedral and directional stability. The increments in
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static-lateral-stability parameters caused by the
high-lift devices could be”cajculated with fair accuracy
by using the measured lift and ihqg and a simple cor-
rection for the degr~ of sweep.

One problem associated with the use of wing sweep-
back is the premature stall of the tip region. This
stall@ causes the aerodynamic characteristics to de-
part from their usual linear trends at low angles of
attack. W~ twis$ wing-section camber, or combina-
tions of the two can provide a more acceptable stall
pattern. Technical Note 2775 presents the results of
an experimental investigation in the Langley stabili~
tunnel to determine the tiects of linear spanti twist
and a combination of camber and twist on the lo-iv-speed
static and rotary characteristics of a 45° sweptback
wing. It vvas found that a combination of twist and
camber was more effective than twist alone in extending-
the linear range of several of the stability terms to
higher values of lift and in impro~a the efficiency of
the wing at modewte angles of attack. Twist or com-
bined twist and camber produced only small “.changg
in the maximum lift coefficient.

To provide additional information on the forces and
rolling moment due to siddpping at supersonic
speei@ a generalized family of sweptbac@ tapered
wings has been studied through the use of linearized
them-y. This analys& reported in Technics+ Note
2898, is generally applicable to those supersonic speeds
for which the wing trailing edge is in a supersonic flow
field.

Available theories for calculating the stability char-
acteristics for horizontal-vertical tail combinations in
sideslip are rather limited. In order to check the ac-
curacy of one such theory which utilizes a method
found to be effective in predicting wing span loadings,
an experinmntal “investigation was conducted in the
Langley stabili~ tunnel. The effect of vertical loca-
tion of the horizontal tail and of horizontal tail span
on the aerodynamic characteristi~ of an unswept tail
asqnbly were determined as a function of sideslip.
The results, reported in Technical Note 2907, shovvthat
the method used does provide a simple+e&ctive means
of determiningg the aerodynamic chamcteristics of in-
tersecting surfaces at subsonic speeds- It was found
that the induced loading carried by the horizontal
tail produced a rolling moment about tbe point of at-
tachment to the vertical tail vvhich vvas strongly in-
fluenced by horizontal-tail span and vertical location.
The greatest effects of horizontal-tail span on the roll-
~g-momat de~~tive of the complete tail assembly
were obtained for horizontal-tail locations near the
top of the vertical tail.

An experimental investigation was made at 10VV
speed in the Langley stability tunnel to determine the
oriati of large yawing momats which have been
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found to occur for some fuselagea inol.ined at large
angles of attack. The re=suh%(Technical Note 2911)
show that increases in yawing moment are caused by
asymmetrical disposition of a pair of trailing vorticw
emanating from the nose of the fuselage. It was found
that a r@ or surface roughness near the fuselage nose
causes a large decrease in magnitude of the ymving
moments in the critical angle-of-attack ranbg.

The magnitude of the changes in aerodymunic forces
and momauts resulting from propeller pitch reverml
has been studied utilizing a twin-engine airplane
model in the Langley 800 mph 7- by 10-foot tunnel.
The results of the investigation, reported in Technical
Note 297!3,indicate that the li~ longitudinal-force, and
pitching-moment coefficients varied almost linearly
vvith total thurst codlicient through the negative and
positive thrust rangw. The lateral-force, ymving-
momentj and rolling-moment coefficientswere f ound to
vary as approximately linear functions of asymmetric-
thrust coeilicient. Based on an analysis of the data, a
method is suggested which will give a reasonable esti-
mate of the effects of thrust reversal on the aerodymunic
characteristics of an airplane through the use of exist-
ing vvind-tunnel data. For extreme asymmetric thrust
conditions, the rudder and aileron control power can
be marginal or inadequate.

The effects of a propeller slipstream on the aero-
dynamic characteristics of wing and wiug-nadle con-
figurations at high subsonic Mach numbers have been n
recurring question to aircraft desiagmrs. Tests have
recently been conducted in the Langley 24-inch high-
speed tunnel to determine characteristic effects of a
siiuulated propeller slipstream on the aerodynamic
characteristics of an umniept wing panel with and
without nacelles. The propeller slipstream was simu-
lated by a calibrated jet of air. Li& drag, and pitch-
ing moment were measured at angles of attack or 0° and
3° through a range of Mach numbers from 0.30 to 0.86.
The test remik+ reported in Technical Note 2776, show
tha$ for Mach numbers of the propeller slipstream
equal to and 10 percent greater than those of the
free stream, there ~ere no signi6cant changes in lift
and pitching-moment coefficientsfor the configurations
investigated. However, the Mach number for drag rise
near zero lift vw deceased because of the propeller
slipstream.

Dynamic Stabili~

Some presentiday high-speed airplanes exhibit an
Udmped, low-amplitud~ latmml oscillation in flight.
This instabili~ may be the result of changes in the
damping of the lateral motion associated with changea
in amplitude of the oscilhtion. The damping in yav
of a fuselage-vertical-tail combimdion has previously
beeh determined by the free-oscillation technique in
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which the amplitude of the motion decreased logarith-
mically after initial displacemen~ & an extension
to that investigation, a similar model oscillating con-
tinuously in yaw has been studied in the Langley
Stabili@ Tunnel to determine the i.uhuence of am-
plitude and frequency on aerodynamic damping. A
report on the resulti Technical Note 2766, indicates
that a reduction -in damping in yaw appesxed for the
smallest amplitudw of oscillation. The decrease in
lateral damping with reduction in frequency was
slightly greater than the small variation predicted by
iinite-span unsteady-lift theory but not so large as the
vmiation indicated by two-dimensional theory.

Previous analytical studies indicate that the na-
tural frequencies of a body-tail combination in pitch
and yaw will be affectrd by steady rolling. One of the
frequencies will increase and the other decrease to a
point where tibility is encountered. To obtain ex-
perimental results with which to evaluate the adequacy
of such analy~ tests were made. with a free-flight,
body-tail comb~ation in steady roll. Results of this
study, reported in Technical Note 2985, indicate that
good agreement was obtained between experiment and
theory for the deterioration of stability with increas-
ing roll rate and the prediction of the roll rate at which
instability would occur.

The determination of the longitudinal stability de-
rivatives from tlight data has been a relatively difiicult
task because the wind-tunnel technique of permitting
only one variable to chan=~ at a time, while constrain-
ing the rest of the variabl~ cannot always be used.
However, matrix rnediods employing the equations of
motion have been found to be particularly useful in
determining stability derivatives from complex flight
data. In Technical Note 2902, three matrix methods
involving various degrees of refinement are pr~ented
for determining the longitudinal-stabili~ derivatives
from transient flight data. The choice of methods
depends on the measurementsavailable and all indicate
that good accuracy can be obtained.

Curve-fitting procedures have also been found to be
applicable to the calculation of the stability pmmmeters
of an airphme ffom flight datn. Because of the in~-
portance of knowing the ,errors in such methods, an
analysis has been made of the errors in the parameters
obtained from a cnrve-fittin~ process. Technical Note
2820 reports this stucly and gives an example of the
process of finding the errors in the calculated stability
parameters of an airplane,

Damping Deriv~tiv&

To provide additional information on the contribu-
tion of various t~ ccmflgurations to the damping of the
lateral oscillations of airplanes and -es at super-
sonic speeds, expressions for the velocity potentials,

span loadings, and corresponding force and moment
derivatives for a number of tail arrangements perform-
ing a steady rolling motion have been derived and are
presented in Technical Note 2955. Illustrative varia-
tions of the rolling stability derivatives for several
series of tail shapes, as well as pressure distributions
and sample span load- are included. Some con-
sideration is also given to the problem of wing-tail
interference.

The calculation of the rolling and yawing moments
due to rolling has received extensive treatment at low
angles of attack where the variation of lift with angle
of attack is linear. At high angles of attack where
lift varies in a nonlinear manner, little attention has
been given to the problem of calculating these impor-
tant stabiliq factors. The techniques for a method
of calculat@ wing lift characteristics in the nonlinear
range was applied to the calculation of the rolling-and
yawing-moment coetlicientsdue to rolling for unswept
wings with or without flaps or ailerons This method,
presented in Technical Note 2937, permits calculations
to be made somewhat beyond maximum lift for wings
employing airfoil sections which do not display large
discontinnities in the lift curves. Calculations can be
made up to maximum lift or W@ with discontinuous
twist such as that produced by partial-span flaps and/or
ailerons.

In many cases, satisfactory lateral oscillatory sta-
bility cannot be obtained through reasonable geometric
changes to present-day high-speed airplanes. Thus,
artificial stabilization devices as means of providing
satisfactory damping of the lateral oscillation are of
considerable inter@.aL An investigation has been car-
ried out in the Langley free-fight tunnel on a free-
flying dynamic airplane model equipped with an arti-
ficial stabilization device as a means of changhg the
model’s important dynamic lateral stability terms to
evaluate the effect of the9e artificial terms on the
dynamic later~ stability and control characteristics of
the airplane model The results of this investigation,
reported in Technical Note 2781, show that the only
stibility derivative that provided a large increase in
damping of the lateral oscillation without adversely
affecting other flight characteristic was the yawing
moment due to yawing. Increasing the rolling mo-
ment due to rolling to moderately large negative values
produced substantial increases in the damping of the
lateral oscillation, but resulted in objectionable roll
controL Increases in the rolling moment due to yaw-
ing and the yawing moment due to rolling in the posi-
tive direction produced an increase in damping, but
caused an undesirable spiral tendency.

stalling
Statistics indicate that a large percentage of all

fktal private flying accidents in the past have occurred
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because of pilot error; in more than half of these acci-
dents the airplane stall has been involved. Accidents
of this nature me referred to as “stall-spin” accidents
and occur primarily in the incipient phase ‘of a sp@
that portion of the motion immediately following the
stall and before a spin fully develops. A technique
has been developed in the Langley spin tunnel which
utilizes free dynamic models to study incipient spin-
ning. The model is catapulted into still air in such a
manner that stalled flight occurs. The ensuing motion
at and beyond the stall is studied. The results of an
investigation utilizing this technique on a model, typi-
cal of a present day f our-pla~ personal-owner air-
plan~ are presented in Technical Note 2923. These
results show that soon after the model stalled, it un-
stalled, became inverted for a part of its motion, before
again stalling and contin+w toward a developed spin.
The initial rates of rotation were such tha~ by infer-
ence, proper eontiol movements soon after the roll-off
could terminate the motion.

Flight tests have shown that when an airplane is in
stalled tight and autorotative moments are presen<
togei%er with violently changing burbled flow, a pilot
cannot maintain satisfactory lateral control, even with

, special devi~ such as spoile~ which give ample
rolling moments. The difllculty is that the autorotative
moments build up so rapidly that the pilot cannot react
quickly enough to maintain the airplane at the desired
lateral attitud~ A flight study utilizing a typical light
high-wimg monoplane hasbeen made by the Texas A and
M Researeh Foundation, under NACA sponsorship, to
furnish the designer with quantitative design informa-
tion from which the proper combination of variables
may be selected to insure satisfactory control near the
stall. The results of the study are presented in Tech-
nieal Note 2948. In the study, satisfactory lateral
control was obtained even under conditions simulating
extremely gu9ty air at angle9 of attack up to approxi-
mately 2° below that for maximum lifk This 2° mar-
gin was substantially the same, both with full power
rmdwith the engine throttled, throughout the range of
center-of-gravity locations investigated. For a plain
untwisted wing, this stall margin was obtained with
widely diilerent elevator deflections for the range of
power and center-of-gravity locations considered.
With the wing twisted (8° of washout), satisfactory
h-deralcontiol was obtained under all conditions tested,
even at angles of attack beyond that.for maximum lift.
The desired condition, that @ having suilicient up
elevator control to accomplish three-point landings, but
insufficientto exceed the angle of attack for satisfactory
lateral control was attained under limited conditions
when 8° of washout or a full-span slot was utilized.

!

Automatic Control and Stabilization

Considerable interest is being shown in the use of
rmtomaticstabtiation devices for improving the damp-
ing of the lateral oscillation of aircraft designed for
ilight at transonic and supersonic speeds. A method
for determining the effects of the dynamic response of
an autopilot on the lateral stability of an aircraft-auto-
pilot combination is described in Technical Note 2857.
The method is applied to the analysis of the lateral mo-
tion of an airplane equipped with a second-order autm-
matic, yaw-rate damper. For any flight condition of the
airplane, an optimum combination of values of auto-
pilot natural frequency and damping ratio are shown to
exist for any given value of gain or damping. A simple
analytical expression is derived for obtaining a close
approximation to these optimum points and is used to
determine the maximum amount of damping obtainable
under various fight conditions. The report illustrate
a simple method of designing yaw dampers.”

The addition of an autopilot to an airplane introduces
many variations in the manner in which airplane mo-
tions can be controlled. & part of a generil theoreti-
cal invekigation of airphme automatic control systems,
an analysis of a pitch-attitude control system has been
made and reported in Teehnical Note 2$82. This study
shows the effects of Mach number and altitude on the
transient response of a swept-wing fighter airplane
equipped with an attitude control systemwith and with-
out rate feedback. In this study, the dynamic chmac-
teristics of the airplane were estimated from theory and
available experimental data. The frequency-response
characteristks of the autopilot considered were obtained
from actual tests of an autopilot. In addition to the
study of autopilot characteristics which will give opti-
mum rwponse for each altitude and Mach number con-
ditior+ the effects on airplane response of holding the
nutopilot characteristics constant while varying flight
conditions were also determined. The results indicate
satisfactory control of aircraft nttitude cnn be obtnined
wkh thk SJ’ShII, a]thOU@ & system l~ill hOt P~OVkh3
precise control of airplane flight path.

INTERNAL FLOW
Studiesof the performanw characteristics of two-

dimensional diffusem, proportioned to insure reasonable
approximation of two-dimensional flow, have been com-
pleted at Stanford University. The diffusers had
idtitieal entranee cro= sections and discharged di-
rectly into a large plenum chamber.~The test program
included wide variations of di5-user divergence angle
and length. A few tests were made with asymmetric
diilusers. Some tests were also made to determine the
effects of addition of a short exit duct of uniform sw
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tion and of installation of a thin, central, longitudinal
partition. This work is reported in Technical Note
2888.

PROPELLERS FOR AIRCRAFT

The aerodynamic design of a propeller is influend-ed
considerably by structural design considerations. This
matter, insofar as blade centrifugal stress is concmzw+
has received attention. In Technical Note 2851, a solu-
tion is reported for the distribution of cross-sectional
mea along the propeller blade required for constant
centrifugal stress over most of the blade. The study
shows that by applying a constant minimum vnlue of
thickness-chord ratio to the required radial distribution
of cross-sectional area, propellers with good efficiency
at high Mach numbers are realized. In a comparison of
two propel]els desi=~ed for z Mach number of 0.9 and
an advance ratio of 2 (forward velocity divided by.pro-
peller diameter and rotational speed), with the same
allowable design stressand differing only in the manner
in which the mea variation was applie~ a blade hav-
ing a constant minimum thiclmess-chord ratio of 2 per-
cent was 7 percent more eflicient than a re&angular-
plnn-form propeller with a 2-percent-tAick”tip. ‘

The analytical work reported last year on the effects
of wing and nacelle interference on the &border vibra-
tory stresseson propellers has been intended to provide
n method of predicting the up-washcharacteristics for a
wide mnge of propeller locations for tractor-type in-
stallations on airplanes with ,mings of arbitrary plan
form. This information is presanted in Technical
Notes 2795 and 2894. In addition to these data, ex-
perimental data were obtained to verify the method of
upwash prediction and to provide more detailed in-
formation on other characteristics of flow fields at the
propeller plane. This latter data is reportd in Tech-
nical Note 2957.

In the hrterestsof propeller-noise abatemen~ charts
hmvebeen prepared to permit the preliminary selection
of a propeller for near-optimum cruising and take-off
performance coupled with minimized propeller noim.
These charts, presented in Technical Notes 2966 and
2968, apply to transport airplanes at flight Mach num-
bers up tQ 0.8 and are of sufficient scope to permit
fairly rapid evaluation of the propeller performance
for engine power mtings of 1,000to 10,000horsepower.

SEAPLANES

The increased takeoff and land@ speeds of water-
based aircraft and the use of hydroskis as lifting de-
vices has emphasized a need for information on the
principal planing characteristics of prismatic surfaces
nt high attitudes with respect to the water surfac+
speec@ and wetted lengths. This information is needed
for performance calculations, determination of hydro-
dynamic balan~ and prediction of impact loads.

The hydrodynamic forces and centere of pressure on
prismatic surfaces have been determined for ratios of
the wetted length to beam up to 7, attitudes with respect
to the water as high as 30°, and speed coefficientsup to
25. Data for a flat plate are presented in NACA Tech-
nical Note 298~ and data for surfaces having 20° and
40° of dead rise are presented in Technical Note 2876.
Since flare at the intersection of the bottom and sides
of a planing surface (ch.hieflare) is generally desirable
for spray control and for recovery of lift lost by the
use of dead rise, data also were obtained for 20° and
40° deadrise surfaces with horizontal chine flare. Data
for these surfaces are presented in Technical Not&
2804 and 28-42,respectively.

The results of these studies show tha< during high-
speed steady-state planing, the planing characteristics
for a given trim depend primarily on the lift coefficient
(lift divided by wetted area and dynamic pressure)
rather than on speed and load. Increasing the angle
of dead rise from 0° to 20° and from 0° to 40° resulted
in average lowxs in lift caeilicient of approximately
27 percent and 50 percen~ respectively. With hori-
zontal chine flare, these 10SSMin lift were reduced to
15 percent and 30 percent, respectively. In general,
the mtio of the center-of-pressure ‘location forward of
the trail@ edge to mean wetted length decreased with
increase in dead rise. Friction ibxqg at ~oh attitudes
was negligibl~ and thus the ~~ may be assumed to
be equal to the product of the lend and the tangent of
the attitude angle.

HELICO~RS

Although much progr~ has been made, improve-
ment in helicopter flying qualities continues to be nn
important matter. Better definition of design goals
and methods of relating desiaa changes to stability
characteristics are essential. In addition to the basic
single-rotor cnse for which work has been previously
reported, other important typ~ such as the tandem
confiamration%require study.

An investigation. of the lateral-directional flying
qualities of a tandem-rotor helicopter k forward flight
was undertaken to determine desirable goals for heli-
copter lateral-directional flying qualities and possible
methods of achieving these goak The results of this
study are presented in Technical Note 2984 Pilot
opinions are included to show what considerations nre
important insofar as flying qualities are concerned.
The conclusions are also expressed in the form of de-
sirable flying-qualities requirements.

As an aid to underetadng and analyzing the stnbil-
ity of a tandem-rotor helicopter as well as a single-rotor
machin~ a shdy has be& made at the Georgia Institute
of Technolo~, under NACA sponsorship, of the nor-
mal component of induced velociQ in the vicinity of a
lifting rotor. The tables and charts in Technical Note
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2912, which reports this study, may be use,dto deter-
mine the interference-induced velocities arising from
the second rotor of a tandem or side-by-side rotor ar~
rangement and the induced flow angle at a horizontal
tail plane.

Conditions encountered by some rotors used in con-
vertaplane d~ib~ do not permit certain simpli.fyiq
assumptions used in analysis of the stabili~ or per-
formamm of more conventional rotors. A study was
conducted at the Georgia Institute of Technology, un-
der NACA sponsorship, to develop a blade-element
analysis for lifting rotors that -would avoid the ap-
proximations that blade-element inflow angle and blade
an@e are small, and thus be useful for convertapkme
calculations. The results of this study, presented in
Technical Nota 2656, are in aggeement with experimen-
tal results previously reported in the ~ue of rotor
operating conditions encountered by helicopters.

An experimental investigation of some factors in
the problem of reducirqg the descending veloci~ of a
helicopter in autorotation was conducted by Princeton
University, under NACA sponsorship, and is reported
in Technical NotO2S70. In this study, tests were made
using a model rotor to examine the effeck of disk load-
ing, rotor inertia, tid amount and rate of blade-pitch
change on the flare performance of the rotor. The
tests were extended to rana- of the variables which
would be diS&#ZOUSin flight.

In order to permit greater reliability vvithout sacri-
fice of useful load, particularly for less conventional
rotary-wing designs, abetter understanding of the loads
occurring in flight is essential. As one step, an analy-
sis has been made of load factors obtained in flight tests
of two sirgle-rotor helicopters. Some additional in-
formation obtained from military-pilot-training and
commercial-airmail operations with helicopters is also
incorporated in this study, which is reported in Techni-
cal hTote2990. Load factors of the order of 2.5 were
found to be attainable by several d.iilerent deliberate
maneuvers, and this same value was also approached

t

under actual operating conditions. The largest flight
loai& a%a group, resulted from pull-ups in which both
cyclic and collective control were applied with certain
phasing. The assumption that flight load factors me
limited to the value that would be computed by assum-
ing’all blade sections to be operating at maximum lift
coefficient agreed well with flight-twt results. This
ammiption thus provides a convenient method of esti-
mating, for new desi~~ the maximum obtainable load
factors for any .ven ilight condition. It is concluded

rthat higher spee helicopters and unorthodox con&urrL-
tions maybe subjectad to load factors mataially higher
than those experienced by current types.

The complex nature of the flow through a helicopter
rotor, both in hovering and @ forward fligh~ renders
the prediction of aerodynamic loading on the blade very
d.ii3icult. In order to provide insight into the nature
and distribution of aerodynamic loading, pressure dis-
tributions were measured on a model helicopter rotor
blade under hovering and simulated forward ilight
conditions. This study, carried out by the Massachu-
setts Institute of Technology under NACA sponsor-
ship, is reported in Technical Note 2953. The work
included tests of rotors with and without flapping-
hinge offset. The results, showing loading distribu-
tion’ on the rotor ~ indicated a marked difference
between the aerodynrunk characteristics of the two
rotors operating under identical conditions. The in-
troduction of an appreciable amount of flapping-hinge
oilset resulted in a large first-harmonic aerodynamic
loading in simulated forward fligh~ Blade- flnpping
measurements revealed appreciably lower values of
flrshharmonic flapping coefficients for the offset rotor
as compared with the conventional configuration. An
analysis of the angje of attack at the tip of the retreat-
ing blade, based on experimental flapping measure-
ments, indicated that an appreciable offset flapping
hinge in combination with a low blade maw constant
offers a means of postponing stall on the retreating
blade.
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POWER PLANTS FOR AIRCRAFT

Since the achievement of supersonic tlight, NACA
research in the propulsion field has been intensified in
obtiining ~meaterpower; better fuel economy, extended
operating range of each en~tie componen$ reduction
in engine weight and critical material contm~ and in:
creased engine life. The results of research advanced
b these areas have had a profound infiuence upon the
future success of our military program. Today, the
pyoblems which require solution in these areas have be-
come increasingly acute as demands for extended pow-
erphmt performance, dictated by practical supersonic
flight, are made.

The high altitude and high Mach number propulsion
research facilitk at Lewis are the major research tools
that permit an understand@ of the extraordinarily
diflicult problems which am encountered in the super-
sonic propulsion system. They have made possible
rapid research and development on advanced en=ties
incorporating new basic research ideas. They have
reduced the time to place into military service use
those engines currently in the initial sea-level qualifi-
cation test stage at manufacturers’ plants.

In order to promote the early use of research re-
sults in the desiamand development of propulsion sys-
tems, the practice of holding technical com%ences with
representatives of the military services and the engge
industry was continued during the past year. A tech-
nical conference on research advances in the turbojet
engine for supersonic propulsion was held at the Lewis
Laboratory.

In the following sections recent nnclassiiied research
for powerplants for aircraft is described..

AIRCR4FT FUELS

High-speed flight has increased the demands for
greater power per pound of engti~ per unit volume
of engine, per pound of fuel, and per unit volume of
fuel. Emphasis has therefore been placed on the de-
velopment of special fnek that will materially increase
the performance of a given aircraft by virtue of the
fuel propertk alone. In high-speed flight fuels that
provide higher thrust or fuels that reduce fuel weight
or volume consumption, or both, are particularly de-
sirable because they offer increases in aircraft speed
and range.

on the various combustion parameters such as stability
limi~ ignition energy, combustion etliciency, and ca~-
bon and smoke formation.

Synthesis and Analysis

The synthesis and purification of cyclopropane hy-
drocarbons are begun at the Lewis Laboratory in 1946
in order to provide high-purity samples of substituted
cyclopropanes for an investigation of the effect of
molecular structure on combustion characteristics and
other properties pertinent to research on fue,js for air-
craft propulsion systems. The research pertaining to
the synthesis of 19 hydrocarbons and 14 nonhydrocar-
bon derivatives of cyclopropane is summarized in Re-
port 11T2.

Dicyclopropyl, the lowest-molecular-weight dicyclic
hydrocarbon, was desired for an investigation of the
effects of molecular structure on combustion character-
istics and other properties pertinent to research on air-
craft propulsion systems. Several methods are lmown
for the preparation of hydrocarbons which contain one
cyclopropyl ring, but a search of the literature when
the present work was begg did not reveal any previous
attemptsto prepare a hydrocarbon which contained two
cyclopropyl rings. ‘The reaction of cyclopropyl chlor-
ide with lithium was investigated as a possible approach
to the synthesis of dicyclopropyl?

A synthesis of Vinylcyclopropane was accomplished
by the dehydration of methylcyclopropyl carbinol over
alumina at temperatures between 265° anti 300° C.
apd gave Vinylcyclopropane in yields as high as 54 per-
cent. By fractionating the hydrocarbon azeotropicdly.
with ethanol, vinylcyclopropane of l@h purity (99.9
mole percent) vvasobtained.1

The preparation of a seriw of cyclopropylalkene9 and
cyclopropylalkanes, in which the cyclopropyl ring was
located in the 2-position of (1, C,, C,, and C, straight
chains, was recently reported. Similar reactions were
reported for the preparation of a cyclopropylalkene -
and a cyclopropylalkane in which the cyclopropyl ring
was located in the 2-position of a branched C4 chain:

The combustion process and burner-performance
characteristic are ultimately the net function of physi-
cal and chemical properties of the fuel-oxidant mixture,
and investigation of such fundamental fuel properties
is now in progress. As mpart of the overall pro=~, .In addition to the increased effort on specialized . tie

fuels, research on conventional fuels and hydrocarbon minimum energy required to ignite a fuel-air mix-.
ture was considered for investigation, not only because

components of these fuels has been continued in order
to more fully understand the effect of fuel structure l& Sln&paPerlletalonP.62
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of its obvious implications in engine starting, but also
because it maybe directly related to the control of the
entire combustion prows. This investigation em-
ployed a controlled-duration capacitance spark as the
igniting source for a quiescent combustible mixture
contained in a small bomb. The minimum ignition
energies for six hydrocarbon fuels are reported.

In recent research, one approach to the problem of
understanding complex combustion proceses in jet
engines has been the study of systems under carefully
controlled conditions. This approach has been used in
a program to procure data on the fundamental proper-
ties of hydrocarbons which might be related to the per-
formance of engine combustion ckambem. Several
phases-of this program have already been published, in-
cluding preliminary studie9 on fhune speeds, minimum
ignition energies, flammability limits, and quench@
distances An attempt was made to select an apparatus
and a set of conditions which would yield a consistent

set of reliable flammability limits. The flammability
limits of 18 high-boiling hydrocarbons at reduced pres-
sures were studied in a closed flame tube with hot-wire
ignition. Characteristic two-lobe ffammabiliiy limit
curves -wereexhibited by all the hydrocarbon studies.
The minimum presure limit -was not afected by the
molecular weighL Correlations are presented relating
the flammability limits to fuel properties.

In recent yews considerable effort has been made to’
determine the factors and mechanisms which govern
the formation of smoke during the burning of fue@ so
that, eventually, methods of controlling smoke forma-
tion can be devised. Particular emphasis has been
placed on the problem of preventing smoke fornication
during the burning of fuels in combustion chambem
Since the @e of hydrocarbon prwent in a fuel is
lmown to effect smoke formation, an investigation was
-conducted as part of the fundamental combustion
program to determine the mminmm rate at which
various pure hydrocarbons could be burned without
producing smoke. From this investigation, it was
hoped that the effects on smoking of such variables as
chain length, chain branching, degree of unsaturation,
position of unsaturation, and ring size could be
evaluated and an explanation found to account for the
variations. The variations in smoking tendency among
38 gaseous and liquid pure hydrocarbon compounds
when burned as d.ifbion flames in still air were
determined.

A recent report presents the results of an analysisof
the smoke and carbon obtained” from turbojet+mgine
combnstms. The characteristics of various types of
carbon formation and methods of analysis which can “
be used to determine the various types of fuel residue
are discused. The analytical methods used were elec-
tron microscopy, carbon-hydrogen detcmninations in a

!

combustion train, and X-ray diffraction. ,Described
also were the structuresamdprobable methcds of forma-
tion for turbojet smoke and the carbon deposits found
on the dome and walls of the turbojet-combustor liners.

COMBUSTION

Fundarnentale of Gmbnstion

An investigation was performed to determine how
the smoking properties of a given fiel are modi.iiedby
changes in several of the variables associated with the
burning of the fuel in ‘a combustion chamber. Varia-
tions in initial gas temperatur~ fuel-flow rate, second-
ary-air-flow rat% and burner-tube diameter were
studied. Fuel-air ratios were measured both at the ap-
pearance of the iirst evidence of carbon formation in the
flam~ and at the point where smoke imued from the
flame. Of ail the variables studied, temperature alone
affected the fuel-air ratio at which the first evidence of
carbon formation was visible in the flame.

It is of interest to know how these variables affect
the initial formation and amimiktion of smoke in a
ffam~ for if smoke formation could be controlled in
the primary flame reaction zone of a combustion
chamber, the problem of burning smoke in the later
stages of the combustion process would not exik

‘Flame velocity by the soap-bubble method is calcu-
lated from the rate of growth of the flamesphere radius,
which should be unifoti, divided by the expansion ratio
of the .g mixtur~ New work with the soap-bubble
method h~s shown that methane in some oxygen-en-
riched air atmospheres and in pure oxygen at the con-
centration for maximum flame velocity (near stoichio-
metric) does not give a smoot~y propagating flame.
An irregular flame front develops, accompanied by an
increase in the rata of flame growth.

A study of the e.fleetof oxygen concentration on the
flame velocity of isooctane-oxygen-nitxogeq mixtures
showed that flame veloci@ increased linearly with the
mole fraction of o~gen. This linenr’ relation was
shown to be at varianm with the predictions of the ap-
proximate solutions of two theoretical equations, one
based on a thermal and the other based on a diffusion
mechanism of flame propagation, either of which pre-
dicted a decreasing rate of change of flame velocity with
increasing oxy~mn concentration. Dati on the eflec~
of the equivalenceratio and initial temperature on flame
veloci@ have been obtained for propane and ethylene-
air mixtums.

The ability to predict the flame velocities of fuels is
of impofince in the field of aircraft propulsion. A
correlation has been found between combustion effi-
ciency of a ram-jet burner and the laminar flame ve-
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Iocity of the fuel. The prediction of flame velocitie9
is ditlicult for three reasons: (1) There is no complete,
rigorous theory which can be readily applied; (2) there
are no data on the kinetics of the oxidation process
under flame conditions and very few data on transport
properties at high temperatures; and (8) different
methods of flame-velocity meastiement give d.itlerent
values, It is therefore diillcult to compare data from
different sources. The uncertainty in miasuremeni%
made by a given method is of the order of 5 percent.
Flame-velocity measurements for ditlerent hydrocar-
bons, diilerent initial temperatures, and different com-
positions were used with semitheomtical and empirical
methods of flame-velocity predictions to show the corre-
spondence between the measured velocities and the pre-
dicted velocities.

Research is being conducted to study the fundamental
variables affecting the ignition and the combustion of
fuel-air mixtures. As part of this research, the para-
meters which may intluence the energy required for, a
spark to ignite homogeneous fuel-air mixtures are being
investigated. One investigation was concerned with
the effect of turbulence, generated by diflerent siz= of
wire grid, on the minimum spark-ignition ener=q of a
flowing propane-air mixture. The required ignition
energy increased with the wire size of the turbulence
promotor and with the gas velocity, and decreased with
the distance from the promoter to the spmk electrodes.
The required ignition ener=gytherefore increased with
those factors that are reported to generate increased
intensity of turbulence.

A study has been made obtain quantitative data on
the oxidation intermediates leading to the spontaneous
ignition of hydrocarbon-air mixtures. Data were ob-
tained for isooctane- and for n-heptane-air mixtures
Marked differences in the oxidation behavior of thesw
hydrocarbons were noted and interyrehd. A prelim-
inary comparison of the oxidation of isobutane and of
2#,6 trimethylhexane was also made (Technical Note
2968).

There is considerable interest in heat transfer and
momentum transfer for bodies submergqd in a flowing
fluid. These transfers occur frequently in engineering
operations and may be important in combustion cham-
bers. Heat transfer coetlicienk for a ~herical particle
heated by an induction coil in a moving air stream were
determined. A comparison of the experimental values
with the theoretical valuw for heat transfer coefficients
was made and an empirical relation between the heat
transfer factor and the total drag ccpilicient was also
suggested (Technical Note 2867).

Cornbuation-Charnber Research

In the field of jet-engine combustor research, burner
instabilities are frequently encountered. In most cases
a given combustor that exhibits one or more of these

instabilities can be mod.iiiedby a number of trial-and-
error methods and the instabilities eliminated within
the operating con&tions. For example, “squealin&’
in afterburners is subdued by increasing the fluid
velocity-. Ay of these instabilities can be extremely
detrimental to engine performance. Types of burner
instability are enumemted and the role of standing
waves in burners are discussed in Technical Note 2772.
The status of the problem of flame-driven standing
waves is reviewed and a one-dimensional flow theory
giving the mechanism whereby a flame drives or damps
a standing wave is presented. In this theory, the re-
flection! transmission, and amplification of waves .
passing through a flame region were determined from
the continuity and momentum equation.

The design of high-output combustors for jet-pro-
pelled aircraft and of other industrial equipment may
be aided by a-naccurate knowledge of liquid vaporiza-
tion rates According to the type of equipmen$ the

~liquid may evaporate from spheres, cylinders, or flat
surfaces. In jet engines, the fuel is frequently injected
as liquid droplets at a point upstream of the combustion
zon~ and the concentration of vaporized fuel in the
fuel-air stream entering the zone is determined by the
rate of evaporation of the droplets. To determine this
evaporation rote, vaporization-rate data and surface-
temperature data were obtained for nine pure ‘liquids

- evaporating from the surface of a porous sphere under
conditions similar to those encountered in aircraft com-
bustion systems?

Numerous investigations have been made to deter-
mine the eflect of pressure on the vaporization rate of
droplets in still air. However, vaporization-rate data,
which show the eilect of pressure on the evapomtion
rata of drops in streams of air or other ~me9, are un-
available. Since a range of combustion-chamber
prwsures may be encountered in the operation of jet
engines, the allect of air-stream pressure on the vapor-
ization rate of fuel droplets may be of importance in
the study of combustible fuel vapor and air mixtm
for jet combustors. In order to determine the @at
of pressure on vaporization .mte in air streams, a
range of pressure conditions encountered in aircraft
combustion systems was studied (Technical Note 2$50).

One of the processes in a jet-engine combustor.is the
exchange of radiant energy among the fuel-oxidant- “
flame components, combustor walls, and combustion
products. A better understanding of the nature of the
involved radiative processes may supply information
that is useful for combustor desi=~ and for fuel speci-
fications. The radiative processes involved in combus-
tion were investigated to determine the present role of
radiant energy transfer in combustors. It was shown
tha~ at present,’the amount of radiant energy transfer

gSeeIngebolmperIlstedon D.52.
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from flame to fuel is quite small in a turboj6t combus-
tor. Methods of increasing the equimkmt gray-body
emissivities of the fuel drops and the flam~ as well as
the efficiency of the energy transfer itself, were
examined.

LUBRICATION AND WEAR

Fundamentals of Friction and Wear

Of the known synthetic fluids, silicones have the best
tisity-temperature properties f or lubricants in tur-
bine ergines. The principal characteristic that has
limited consideration of silicones as lubricants for tur-

“ bine ergties has been that they are poor boundary
lubricants for ferrous surfaces. The behavior of
@cone lubricanb in boundary lubrication of ferrous
surfaws was studied in Technical Note 2788. In these
studies’ a hypothesis was advanced which considered
that sdventa would influence the lubricating ability
of silicones by af?ecting the molecular arrangement at
the fluid-surhm interface. The data obtained (with
solutions of solvents blended with silicones) are con-
sidered substantiating evidence for this hypothe-sis.
The solutions reduced friction and prevented surface
failure even when the solvent as -well as the silicone,
was an extremely poor hl.bricank Solutions of silic-
ones and &esterswere suggasted as possible ‘>racticrd”
lubricants for current aircraft turbine engirm. It was.
felt that this combination would provide practical 10W=
volatility lubricants that might have viscometric prop-
erties approach@g those of the pure silicone and that it
would provide effective lubrication resulting from a
possible solvent eilect of the diwters.

Boundary lubrication and friction data on synthetic
fluids in general are very limited, therefore, the.lubri-
cating effectiveness of a number of synthetic fluids was
studied at high sliding velocities (Technical Note 2846).
Sliding friction data and surface failure properties
show that a number of synthetic% including &esters,
polyethers, a silicate ester, and a phosphonate ester,
as well as a silicone-diester blend, are more effective
boundary lubricants at high sliding velocities than
comparable petroleum oils. A silicone-diester blen~ an
allryl silicate ester, and a compound diester (contain-
ing lubrication add,itiv~) were more efi~tive bo~d-
ary lubricants at l@h sliding velocities than the diester
from which the most widely acmpted synthetic lubri-
cants are mada A diester failed to lubricate non-
reactive surfaces, which ind.icateathat the lubrication
mechanism for diestem may involve chemical reaction
with the lubric@ed surface-s-

Because of the high operating temperature of new
and projected turbine engines, an experimental study
(Technical Note 2940) was conducted to learn the effect,
of high lubricant bulk temperatures on the boundary
lubricating effectiveness of various types of synthetic

fluids. In general, uqder the conditions of these ex-
periments, the upper limit of temperature for effective
lubrication (tiective lubrication is defined as the re-
gion where low friction coefficient is obtained and no
surface damage results) was greater for synthetio lubri-
cants than for a petroleum lubricant of similar vis-
cosity at 100° F. The experimental results tend to
substantiate the hypothesis that lubrication with esters
(and possibly other fluids) results from formation of
an absorbed metal soap iilm by free acids in the lubri-
cants. Since oxide films are important both to soap
formation and to lubrication, failure may be caused
by: (1) Failure of the soap film (by melting or de-
composition), or (2) failure of the lubricant to mdn-
tain the metal soap or oxide films, or both, on the sur-
face. It appears that bulk-fluid-failure temperature
is limited by either of these lubrication-failure mech-
anismsthrough the effect of temperature on the thermal
st.abili@ of the bulk fluid. Thermal stability cm be
associated with viscosity grade within a given class.
At temperatures up to its decomposition point, a silicate
ester showed more promise than other lubricants
studied. The phosphonate esters decomposed at high
temperatures to form products that are corrosive to
steel, but which prevent complete lubrication fd..we.

Contract research at the University of Cincinnati has
been conc&ned with determining the spontaneous
ignition temperature of organic compounds vvith par-
ticular emphasis on lubricants. Lubricants are known
to have low ignition temperatures and, consequently,
may be the source of many aircraft fires. Technical
Note 2549 gives ignition temperature data for 60 pure
org4nic compounds including paraili.us, olefms, aro-
matic hydrocarbons, ethers, alcohol% and esters. The
data indicate those molecular structural features that
result in high ignition temperatures. Technical Note
2848 presents ignition data on available petroleum and
synthetic lubricants and also compounds synthesized
ta incorporate favorable structural features reported i,n
Technical Note 2549.

Fretting Corrosion

The minimization of the start and intensity of fret-
ting is a pressing problem in many aircraft engine
components such as bearings, bearing housing, spline
shaf$ and other couplings. Inasmuch as &bonded film
of molybdenum disultide (MoS2) Ao-ived promise in de-
laying the occurrence of fretting, m invwtigation was
conducted of the bonding of MoSZ to various materials
to forma solid lubricating film (Technical Note 2802).
This investigation had as objectives: (1) The deter-
mination of practical methods of bonding MoSZ to var-
ious matends, and (2) friction and endurance clmr-
acteristics of iilms so formed. The results indicated
that satisfacto~ .did-ilhn lubricants can be formed on
a variety of materials by brushing on the solid lubricant
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mixed with a resin-forming vehicl~ Under baking con-
ditions, the liquid vehicle decomposes or polymerizes
to Q resin which binds the particles of Mo% together
and to the surface to be lubricated. The choice of the
resin-forming vehicle is ~gverned by the types of ap-
plication. In the use of asphalt-base varnish, for
example, cleaning of the specimens was not, critical be-
crmseof mutual volubility of the varnish and thinner
and the usual surface contaminants. Friction and en-

“ dnrance data obtained under severe conditions of high-
sliding velocitiw and high surfaces stress show that
solid lubricant ti (between 0.0002 and 0.0005 inch
thick) of MoS, bonded with the various resins resulted
in good lubricating effq%iveness.

Bearing Research .
Because of the lack of information in the field, an

experimental investigation (Technical Note 2841) was
conducted to dete~e the performance characteristics
of deep-groove ball bearings under radial load at high
speeds. The results indicated that bearing operating
temperatures were most sensitive to changes in speed
and to distribution of the cooling oil. The effectiveness
of lubrication depended on the quantity of oil trans-
mitted through the bearings regardless of the method
of supplying oil. At low speed, neither load nor oil flow
had any appreciable effect on bearing operating tem-
peratures.

Since a large number of prwent bearing failures of
gas turbine engines and other high-speed bear@ ap-
plications have been attributed to cage failures, it -was
felt a roller bearing without a cage might eliminats
the source of trouble. In accordance, in investigation
was conducted of conventional and special designs of
cagelem roller bemings at high speeds. Preliminary
results at high speec@ however, indicate the greater
reliability of the conventional cage-type roller bearing
over the cageless roller bearing, although the cageless
roller bearing may have promise under certain condi-
tions?

NACA sponsored research on journal bearings at
Cornell University resulted in the publication of Tech-
nical Notes 2808 and 2809. Technical Note 2308 is an
analytical development of a mathematical expression
that can be used to predict the circumferential and axial
pressure distribution in a short jonrnal bearing. Tech-
nical Note 2S09 is an experimental investigation that
included the edects of bearing length, speed, loa~ and
lubricant viscosity. The theoretical expression derived
in Technical Note 2808 agrees fayorably with experi-
mental results obtained in Technhl Nota 2$09.

sSeolfaeks,Nemeth,andAndersonPape;‘listedon p. 62.

COMPRESSORS AND TURBINES

Compressor Reeearch

Comprmor component research is aimed at develop
ment of compac$ light-vveigh~ efficient machines for
application to aircraft propulsion systems. Theoretical
and experimental studies of design limitations and flow
processes are made throughout the broad operating
range required for high-speed high-altitude aircraft
applications in order to develop and evaluate design
techniques. This research covers a wide field of axial-
flow and centrifugal compressor @pes.

Because of compressibility efhm~ the stages of a
high-pressure-ratio, multistage, axial-flow compressor
can be properly matched at only one condition of aero-
dynamic speed and weight flow. The operational re-
quirement for high-altitude high-speed flight requires
opmation of the compressor at low aerodynamic speeds.
High-altitude climb uidizing full rated en=tie outpn$
requires operation at high aerodynamic speeds. De-
tailed studies of a number of commercial and esperi-
mmti high-press~e-ratio compressors have been made
to study the effects of stage mismatching which result
from these aerodynamic speed variations.

As a multistage compressor operates over a wide
range of aerodynamic spee@ one or more individual
stages may be expected to stall.

The flow condition deiined as stall in single-stqge
compr=or-s, is characterized by zones of high and low
flow which rotate about the compressor axis in the di-
rection of the rotor hub at a lower speed. These rotat-
ing stallsrgay be c.laesedas either progr-ive stall, with
multiple stall zone+ at the blade tip, or root-to-tip stall

Au analysis of a hypothetical compre&or, with front
stageshaving a progressive-type rotating stall and with
middle and latter stages ha~o the pressure-ratio dis- “
continuitiw associati with rootito-tip stal.Jindicates
mnltishge cornpresor perf ormanca with discon-
tinuities in pressure-ratio vveight-flow chamcteristics
at all spbeds. At low speeds, these discontinuities re-
sult from stall of the earliest stages ‘havi@g discon-
tinuous characteristkj and at high speed from stall of
the latter stages. The resulting discontinuity= in the
compressor performance map introdnce problems of
starting and accelerating the engine to design speed and
may also cause steady-state operating problems at
cruise and high-altitude flight conditiom~ Rotating
stall may also be a potential source of vibrational excita-
tion in multistage axial-flow compressors.

Flow-visualization techniques were employed in ex-
perimental investigations of flow process-to ascertain

+SeoHuPPertan&Beneurpaperlisted onp. 52
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the Streamlm“ e patterns of the secondary flows m the
boundary layers of cascades and thereby provide a
bnsis for more extended nnalyses in turbomachines.
The three-dimensional deflection of the end-wall
boundary layer resulted in the formation of mvortex
well up in each cascade pnsage, The size and tight-
nes of the vortex generated depended “upon the main
flow turning in the cascade passage. Once formed,
a vortex resiststurning in subsequentblade rows. This
results in unfavorable angles of attack ~d possible
flow disturbance in subsequent blade mm.

Two major tip-clearance effects were observed: the
formation of a tip clearance vortex and the scraping
effect of a blade with relative motion past the wall
boundary layer. The flow patterns indicate possible
methods for improving the blade-tip lo&l@ character-
istics of compressors and of low- and high-speed tur-
bines (Technical Note 2947).

The method that was developed for predicting the
steady flow process of a nonviscous compressible fluid
along a stream surface between two adjacent blades
was applied to a single-stage and a seven-stage axial-
flow compressor (Technical Note 2961). The inlet
stages, designed with a symmetrical veloci~ diagram
at all radii, showed laran radial flows as a result of the
radially inmeasing angular momentum associated with
this type of diagram. The radial distributions obtained
were ‘closbly approximated by a simplified solution

- given in Report 955. Three-dimensional solutions have
been made for rotnting axial-flow passages bounded by
straight blades of finite axial len=@h. These solutioti
indicated that the deviation of the flow direction fim
the assumed orientation in two-dimensional solutions
is small for typical axial-flow blade rows (Teduiicnl
Note 2$34).

Experimental and theoretical research was continued
to explore the potentials of supersonic-type compres-
SOr. The method of characteristic coordinates was
employed in obtainimg a solution for the flow between
blades of supersonic compressors (Technical Note
2768).

Theoretical” analysis and- experimental studies have
been made in order to improve flow capacities and eili-
ciencies of mixed-flow impellers and diifusers. A
.mneral design method was developed whereby two-
dimensional channels could be desiagpedto give pre-
scribed velocity distributions.

A technique was developed and solutions for several
through flow rates were made for nonviscous, three-
dimensional potential flow in a rotating centrifugal-
impeller pawge. Comparison of th~ so~utionswith
two-dimensional solutions
of geometry investigated,

showed tira~ for the type
two-dimensional solutions

can be combined to describe the three-dimensional flow
in rotating impellers with sufficient accuracy for gen-
eral engineering analysis-(Technical Note 2$06).

A summary of some of the results obtained in the-
oreticaland experimental research on centrifugal com-
pressors has been compiled. This summary includes
impeller and diffuser research as well as considerations
of the general aspects of the application of centrifugal
compressors to ~gp.s-turbine-typeengines.

Turbine Research

Turbine research is being directed toward improved
general performance and the development of means
by which optimum designs can be selected for any
specific application. It consists of theoretical nreo-
d@unic studies, two- and three-dimensional cascnde
investigatio~ and single and multistage turbine
research.

A rapid method fm the deteiminntion of turbine-
stage velocity diagrams within spedied nerodynnmic
limits was developed. The method facilitates the selec-
tion of the number of turbine stages, the determination
of the necessary proximity of staging operwtion to
design limits, and the selection of the optimum work
division between or among the stnges for nuy given
application (Technicnl l-Tote2905).

Further insight into the characteristics of highly
loaded turbine stages was gained by nn analysis of
choked~flow twbihes+. flilhisanalysis indicated thnt the
mea ratios and equiya$at blade speeds are the control-
ling factors in the d@@ and operntion of such tur-
bines, For the usual cIas of turbines, increasing the
equivalent blade speed of a given stage makes the in- “
ternal flow conditions less critical. Six criterin me
stated tlmt will aid in establishing, from test clntwof
multistage turbines, which blnde rows nre choked and
which are not (Technical Note 2810).

In order to increase understanding of the origin
of losses in a turbine, the secondary-flow components
in the boundary lnyers and blnde -ivnkesof nn nnnulnr
cascade of turbine nozzle blndes were investigated. A
detailed study was mnde (Technicnl Notes 2671 and
2909) of the t&al-pressure contours and of the inner-
wall loss cores downstream of the blndes.

The inner-wall loss core azsocinted with n blnde of
the turbine-nozzle cnscnde is lnrgely the nccumulntion
of low-enermg fluids originating elsewhere in the cns-
cada This nccumrdntion is effected by the secondnry-
flow mechanism which acts to transport the low-energy
fluids across the channels on the walls nnd rndially
in the blade wakes and boundary lnyers. At one flow
,condition’ investignte~ the radial transport of low-
energy fluid accounted for as much as 65 percent of the
inner-wall 10sscore.
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Turbine Cooling

Better turbine performance and the reduction of
critical material content are important to continued
improvement of the turbojet cngin~ Better turbine
performance is obtained by operation at higher tnrbine-
inlet .WS temperatures which results in higher
thermal efficiency and higher net outpu~ Thes~ in
turn, have a major bearhg on other performance factors
such as turbine size, weigh~ and specific fuel consump-
tion. Since the turbine-inlet gas temperature is limited
to a value which will result in a reasonable life of the
turbine blades and other highly stressedmembers, ade-
quate cooling of these turbine parts will permit opera-
tion at the higher gas temperatures desired.

To provide fundamental heat-trader data through
which cooled blade design may be aided, an investiga-
tion was conducted to study free-convection heat trans-
fer in a stationary air-iilled heated tube. This investi-
gation was extended to obt+n heat-transfer data under
turbulent mixed-, free-, and forced-convection flow con-
ditions similar to those encountered in cooled turbine
blades The heat-transfer lids for each type of flow
were wtablished and expn%sed in correlation equations
(Technical Note 2974).

Revised solutions of the laminar-bonndary-layer
equations for cases which involved COOWCat the wall
combined with large pressure gradients in the main
stream produced specific-weight-flow pro~es which
locally exceed free-stream values. Heat--er and
friction coefficients, boundary-layer thickn- and
velocity, temperatur~ and specMc-weigh&flow distri-
butions resulting from the revised solutions are pre-
sentid for Euler numbers of 0.5 and 1.0, stream-to-wall
temperature ratios of 2 and 4, and cooling-air flow rates
through porous walls designated by flow parameters
of O,– 0.5, and – 1 (Technical Note 2800).

An investigation has been made in Technical Note
2863 of natural convection flow for a simplified but
representative case, namely the flow with and without
heat sourcesbetween two long parallel plates at constant
temperatures oriented parallel to the direction of the
generating body force. It is found that the flow and
heat transfer, inygeneral, not only are functions of the’
Prandtl and Grashof numbers but also depend on a new
dimensionless parameter. If this parameter is not
negligibly small, the compression work and frictional
heating may appreciably affect heat transfer by natural
convection.

Measurements of average heat-transfer and friction
factors were obtained for air flowing through a smooth,
electrically heated tube with a belhnouth entrance and
a length-to-diameter ratio of 15 for a range of average
surface temperatures from 875° to 1736° R and cor-
responding surface-to-bulk temperature ratios from 1.6
to 2.8, Reynolde numbers from 2,200to 300,000,and heat

3~1~9~~

fluxes up to 230,000 Btu per hour per square foot of
heat-transfer area. ~e data of this investigation cor-
related with data ob

Y

- ed in previous investigations
with longer tubes on he basis that the heat-transfer
coetlicient variw as tie – 0.1 power of the kmgth-to-
diameter ratio. No &ect of the length-to-diameter
ratio was observed o ‘ the aver~~e friction factor.

7An experimental in ,estigation of the forced-convec-
tion heat-transfer characteristics of sodium hydrpxide
was made for a range of Reynolds numbers from 5,300
to 80,000, correspon “

9
to velocitk from 8.8 to 15.4

feet per second, aver~ fluid temperatures up t~ 938°
F., and heat-flux densities up to 226,000 Btu per hour
per square foot, for bMh heating and cooling. Data

r

were also obtained fro the same apparatus for both
water and an aqueous solution of sodium hydroxide.
The results showed tha sodium hydroxide heating data
can be correlated by the Nus-seltrelation, and that the
data fall slightly abov the McAdams correlation line.
The cooling data are,

{
ovvever, fairly well repremnted

by the MeAdams corre ation line.
The heat transfer ~d fluid friction were analyzed

for fully developed tudiulsnt flow of supercritical water
with variable properti

&

in a smooth tube. A previous
analysis of turbulent fl and heat transfer for air with
variable properties flotig in a smooth tube is gener-

~alized in order to m “e it applicable to snpercritical
water. The generalize “on is nww+ary because all the
pertinent properties of Isupercritical water vary mark-
edly with temperature. 1The effect of variation of fluid
properties across the tqbe on the Nuselt number and
friction factor corrslati ns can be eliminated by evalu-

[
sting the properties at a reference temperature which
is a function of both th ,wall temperature and the ratio

&

of wall-to-bulk tempera .
.-

ENGINE PERFO CE AND OPERATION

1Performance and Ope sting Characteristic

F

The problems associa d with the evaluation of full
scale en “

r
e performan as well * flow fluctuations

within e engine are of uch a nature that a knowledge
of the instantaneous flow patterns is of considerable im-
portance. The use of h&.-wire anemometersis a means
of obtaining this inforrhation. The results of a study

L

of flow through comp essors and burners, vvith the
aid of hot-wire anemom ters, are reported in Technical
Not6 2843.

The general class of eady flow problems is cur-
iently of increasing intere9t particularly in connection
with stability in high deed combustion processes and
the overall effects on enjgineperformanm The tiect
of a shock passing through a flow field (or vice versa)
is likely to be import+t in many applications. The
propagation of a plane ~rmal shock wave through a

T
~~s at rest as moditled b the influence of a weak pat-
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tern of unsteady disturbance is described in Technical
Note 2879. The disturbances considered are a plane
sound wave and a convected plane vorticity wave.
Since sound waves may impinge on a shock either from
upstream or downztmmm,both cases are considered.

Afterburners and Jet Exits

In wind-tunnel testing of engines the exhaust gases of
the engine mix vviththe tunnel air. The effect of such
a mixing upon the total prwsure and Mach number of
the combined streams is of importance for oMaining
correct engine performance results. Further, accurate
determination of tunnel povver requirements can be
made, once the effects of jet mixing on power require-
ment is understood. A one-dimensional flow analysis
of the results of parallel-jet mixing is presented in
Technical Note 2918,vvherethe area of the streamsafter
mixi~u is equal to the sum of tlm areas of tie two
stmmmsbeing mixed. Changes due to burning of excess
fuel downstream of the engireexlmust station are also
considered.

The resultsof an experimental investigation to deter-
mine the temperature profile downsbeam of heated air
jet directed at various angles to an air stream have
been incorporated in Technical Nota 2855.

An increase in jet thrust over that achieved with -a
sonic outlet can be realized. by complete expansion of
the exhaust gase9in a convergent-divergent nozzle. In
the calculation of this process and in the evaluation of
experimental nozzle data, the flow process in the nozzle
is usually wmuned to be adiabatic. However, for noz-
zles located directly downstream of, combustion cham-
bers, such as in jet powerplants, heat may be released
to the workirqg fluid duriiqg the expansion process in
the divergent portion of the nozzl~ Technical Note
2938 contains an analytical treabnent of heat addition
to a divergent stream with initially sonic flow which
permits evaluation of the effect of delayed combustion
on converennt-divergent nozzle perfonnma The
analysis indicates that nozzle heat addition delays noz-
zle over expansion and affects the jet thrust appre-
ciably.

Research Techniques

An investigation was conducted to determine the in-
creasein the useful ranges of simulated flight conditions
that may be obhined with a given jetiengine research
facili~ when the choked-exhaust-nozzle technique, or
exhaust jet cWuser, or both are employed. The results
of this investigation. describe the two methods, present
the considerations ipvolved in their application, and
give typical results of their use as well as codirrnation
of the accuracy of the data obtained by utilization of
these”techniques-

Errors in the me@mxnent of je~engine gas tem-
perature by thermocouples have been analyzed. Based

on this analysis, design criteria of thermocouple probes
have been develope~s

The mechanized data-handl@ system currently used
at the Lewis laboratory consisb of engine instrumenta-
tion, digital pmmme and temperature-recording instru-
rnen~ tape-to-card conversion machi.qery, punch-card
operated electronic calculator,. and associated card
handling equipmen~e

A method of recording multiple pressures in digitil
form has bean developed in which pressures are con- J
verted to the digital form at the primary transducer
and subsequently handled in a numerical form.’

A 72-channel automatic potentiometer has been de-
veloped and put into service. This apparatus, which
measuresvoltagea in the ranges Oto 10 and Oto 40 milli-
volts to an accuraq of 0.25 percent at a speed of l%
readings per second and records the information on a
punched tape, is described in a current journal paperf

An investigation has been conducted to provide a
basis for the design of air-flow combination probes
intended to survey static and total pressure, and direc-
tion of flow, with special reference to subsonic turbo-
machine testing. Static-prtsure probes, yaw-element
probes, claw-type prob~ and combination probes were
tested. From the results of this investigation, reported
in Technical Nota 2830, the factors vvhich determine
the sensitivity of claw-type yaw probes were deter-
mined. Satisfactory combination survey probca for
sensing static and total prcmme and direction of flow
in one or two planes were devised.

POWERPLANT CONTROLS

Engine controls research is directed towards defining
the dynamic characteristics of the various powerphmts
(turboje& ramje~ and turbim+propeller) as well as de-
veloping a control theory for engine control appli- “
cation.

A modification of Wirier% tl.ltertheory and an ap-
plication to the choice of an optimum control in a
closed-loop system is described in Technical Note 2989.
The approach used is applicable to all closed-loop

,systems, and provides an optimum control in an envir-
onment of random disturbances The theory is par-
ticularly useful in commonly encountered situations
where the environment of disturbance cannot be pre-
dicted in detail, and where the penalty in perform-
ance re9ulting from generous margins of mf ety is
great.

.A method for predicting the performance of hy-
draulic servomotors is presented in Technical Note
2767. Experimental data cdirmed the theory for

5SeeScadron,TVarehawsky,and (%fflemanpaperIMtedon P. 02.
● SeellawlfngupaperIMed on P. 62.
f SeeSharp,Cow andJatTePaper,Ustaon P.52.
~SeeSmithpatir Mutedon P. 62.
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servomotors in which the volume of hydratic fluid was
kept low. Servomotor design criteria derived from
the theory were presented by Gold at an A. S. M. E.
meeting on April !28-30, 1953.

HEAT-RESISTING MATERIALS

High Temperature Materials

The pmcticnl application of high-temperature alloys
recpires that a considerable amount of background in-
formation be obtained on the particular combinations
of alloying elements under consideration. It is usually
desirable to start tith a determination of the ne-ary
phase and equilibrium diagrams and then proceed to
study variations in physical properties produced by
small changes in chemistry, the effect of processing
variables on fial physical properti~ md fially tie
actual performance of the alloy in the dwri.red end
application.

Studies have been conducted of portions of the iron-
nickel-molybdenti and the iron-molybdamm-cobalt
ternary systems at 2200° F. with empti placed on
the face-cmtemd cubic solid solution Aons of the
diagrams (Technical Note 2896). This work com-
pleted the program established at the Univemi~ of
Notre Dam% under NACA sponsorship, which has bmn
reported previously. The phases occurring in the
above-mentioned systems were identied by means of
X-my diffraction and by etching methods. The phase
boundaries ab2200° F. vvere determined microscopically,
using the disappearing phase method with quenched
specimem3. A total of ’170 alloys was investigated
Of these, 8 were common to both of the aye- 105
were in the iron-molybdenum-nickel system, and 57
were in the cobalt-iron-molybdenum system.

Once the fundamental relationships in a desired alloy
system are determined, it then becomes desirable to
determine, insofar as possible, the influence of small
changee in chemical composition on the properties of
the heat-resistant alloys developed. ~ most high-
temperature alloys, some uncertainty exists regarding
the restrictions on the composition limits as used in
commercial practice and the fundamental mechanisms
by which the composition influences properties. For
these reasons, an investigation was undertaken at the
University of Michigan, under NACA sponsofip,
for the purpose of providing systematic data for com-
positional variations in forged alloys stemming from
a nominal composition of 20 ~o chromium, 20% nickel,
20% cobalt, 3% molybdenum, 2% tungsten, and 1%
columbium (Technical Note 2745 ). hasmuch as proc-
essing varinbles (such as melting practice, foretig
practice, and fial heat treatment) also control strength
properties, every effort was made to minimize the effects
of these variables. It appears that all of the allofia

elements can be varied individually between quitn wide
limits without si=ticantly chanatig the rupture prop-
erties. This could be partially responsible for the WE-
culty in correlating chemical composition with physical
properties at high tempemtures from available data.
There was no evidence to indicate that a composition
variation, tithin the usual commercial limits, contrib-
utes materially to scatter bands in physical propertitx.

One of the newer materials of interest for high-
tempemture applications is molybdenum. This ma-
terial is made commercially hy both povrder-sintering
and arc-casting methocls Considemble data are now
available on the mechanical properties of molybdenum
produced by both methods, but unfortunatel~ t&se
data are in many instant= contradictory and not re-
producible. So-called ductfle molybdenum is made by
both methods, but frequently the ductility is low or
absent. This vnriation in ductility at room tempera-
ture is of great interest if molybdenum is to be used
in load-bear@g applications In view of this, an in-
vestiagation was conducted to determine the effect of
prior sv@n.& on the transition temperature, tith the
objective of producing a ductile material at or near
room temperature (Technical Note 2915 ). The ma-
terial studied was sintered, wrought molybdenum, tith
the amount of swa=ging, recrystallization temperature,
and stress relieving factors as the variables studied.
As was expected, an increase in Sw@.ng pro=mively
lowered the transition tempemture by a maximum of
100° F. This effect of swa.~~ is lost when molyb-
denum is recrystallized. No relationship could be es-
tablished befmreen the grain-size of recrystallized methl
and strength and ductili~ tithin the transition tem-
perature range. However, above the transition rtmgq
for example at 200° F., the ductili~ increased with
decreasing grain sim

Although previous research indicatw that ~aging
increases the strength and ductility of molybden~ it
also has a detriment effect of loweriqg the recrystal-
limdion tempera~ This limits the use of “molyb-
denum to less than 2000° F. and prevents brazing or the
application of protective coatings at l@h temperatures
which would recrystallize ‘the metal. Accordingly, an
investigation was undertaken to determine whether
molybd&mm qmld be produced by a slight modification
of commercial f abdication methods which would have
a higher recrystallization temperature without an ap-
preciable sacrifice in strength or ductility (Technical
Note 2973). The results obtained were not clear-cut
since difFerent batches of material rwponded in dif-
ferent fashions. For igstan~ the on~hour rwrystal-
lization temperature of one ‘lot of metal ranged fi.om
above 2900° F. to 2300° F. for 35710to 999’o sivaging,
whereas another two lots of metal had a constant re-
crystdhzation temperature of approximately 2076° F.
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over the entire -working range of 10 to 99$Z0. NO dif-
ference was detected by either chemical or X-ray dif-
fraction analyses which might account for this varia-
tion among lots. Another interesting result was that
the atmosphere used to determine the recrystallization
data had a pronounced effect on the remystdhation
temperature of one lot of molybdenum. This matari~
swaged 50~0, recrystdkd in one hour at 2850° F. in
argon, at 2750° F. in vacuum, and at 2300° F. in hy-
drogen. b the same atmospher~ the recrystallization
temperature of the other two batches of materia~
swaged 9fJ~0,varied only from 2200° F. to 2300° F.

The actual application of a high temperature alloy
usually results in a number of probkuns which can be
traced back to the procesi.ng techniqua l?or instan~
the uniformi@ of we of cast alloy gas-turbine blades
is generally considered unsa~actmy. This lack of
uniformity results in short times to initial blade failure
compared to average life and does not permit the
maximum use of the potential performance “of the
material. Previous studies of the effects of heat treat-
ment upon uniformiQ of life of small cd% AMS 5385
gas-turbine blades indicate that sligh~ if any, improve-
ment is obtainable in this manner. A more effective
method of influencing blade life uniformity might be
through the control of blade grain size. Accordingly,
an investigation was conducted to compare the uni-
formity of life and the initial failure time of groups
of experimentally cast AMS 5385 blades of spveral
grain sizes. The second objective was to relate the
individual blade life to.& size of the experimentally
cast blades. The grain size was varied from 4 to 11#00
grains per blade cross-section area (0.036 square inch)
and was achieved primarily by variation in pouring
taperature. A total of 90 blades were investigated at
a temperature of 1450° F. and a stress of 19,000 psi at
the mid.epanof the blada A correlation was found to
exist between the number of grains per blade crom-
section and blade life; usually longer life was associated
with the coarser grain sizes. The coame grain blades
studied had an improved uniformity in regard to initial
failure time, but lower mean life than a group of com-
mercially cast coarse ggyainblades.

& a continuation of the National Bureau of Stand-
ards’ investigatio~ under NACA sponsorship, of the
mechanisms of adherence of ceramic coatings to metals,
a study was made of the gask evolved during the -
of vitreous coatings (Technical Note 2865). Previous
investigations have shown “thathydrogen is one-of the
gases evolved in the fig process and it was suspected
that carbon monoxide might also be presenti The re-
sults showed that the principIe gases produced were
carbon monoxide, hydrogen, and carbon dioxida The
blistering that is often observed in the early stage of
firing when vitreous coatings are applied to low-carbon

steel was found to be caused by evolution of the carbon
gases formed by oxidation of the carbon in the steel.

A second portion of the National Bureau of Stand-
ards’ program included an investigation of the relation
between the roughness of the enamel-metal interface
and the adherence of the enamel to steel (Technical
Note 2934). One of the first explanations advanced for
the adherence of vitreous base coats to steel was that of
mechanical gripping. This hypothesis is based on the
observation that when adherence is good there is usually
a rough interface between the coating and the metal.
The coating is thought to penetrate into the cavities or
undercuts in the metal surfaces and when the coating
hardens on cooling, the two materials are interlocked
and thus mechanically bonded. Variations in adher-
ence ivere produced by varying the amount of the
metallic-oxide addition in the fri~ by varying the sur-
face roughness of the metal before application of the
enamel, and by varying the tiring time. It appears that
there is a positive correlation between the adherence of
a porcelain-enamel ground coat and the roughness of
the interface. Most of the roughness which was asso-
ciated with good adherence between the ground coat
and the steel, developed during the firing process.
Further ie.iults indicate that the roughness of the inter-
face is necessary, but is not completely responsible for
the development of good adherence.

The previous investigation concluded that roughness
of the interface betsveen an enamel and steel is an im-
portant factor in contributing to adherence. A theory
was developed to explain one way in which this rough-
ness n@ht be produced by an ele@rolytic reaction be-
tween the cobalt in the enamel and the iron in the steel
during the firing procw (Technical Note 2935). It
appears that cobalt, originally present as cobaltic-
oxide in the enamel, plates out on the steel during o
normal firing operation. Imwmuch as the molten
enamel is an electrolyte, the mechanism involved ap-
pears to be one of a tiny galvanic cell in which the iron
acts as the anode and the cobalt-plated mea as the
cathode. Corrosion, which is produced by galvanio
attack on the iron, produces the desired surface rough-
ness

One phase of the problem of developing improved
high-temperature alloys is the effort to groin a more
detailed understanding of the nature of creep in met&.
This is of importance in that almost all high-tempera-
ture alloys are designed to operate under conditions in
which they will creep or stretch a definite amount in a
certain time. In other words, most high temperature
rdloy parts are designed tn fail in a linite time, usually
after several thousands of hours of operation, although
in special cases+such m, in turbine blades, it is usually
nearer 500 hours. Consequently, an understanding of
how the creep process tdres place wndthe metallurgical
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factors which affect it are of importance. It has been
known for some time that creep is a complex process and
that, among other complications displacement some-
times occurs along grain boundaries of meta~ at the
same time that the grains themselves are deforming.
An investigation was undertaken by the Carnegie In-
stitute of Technology, under NACA sponsorship, to
isolate and examine grain boundary displacement
(Technical Note 2746). The material studied was pure
aluminum, under stressesof 1 to 100 psi and tempera-
tures from 400° l?. to 1#00° F. The specimens were
bicrystnls pulled in tension. It was found that dis-
placement occurs in a cyclic fashion, increming directly
with the temperature at the begiming of the cycle but
subsequently obeying a chemical-rate law with a com-
putid activation energy of 9,’700 caloriw per mole.
There i% for each temperature, a threshold stressbelow
which displacement does not occur. A substantial
thicknessof crystalline metal participates in the gliding
motion and becomes fragmented and extensively dis-
oriented in the process.

Stresses Research

The subject of extrapolation of creep and stress-
rupture data on materials at high temperature is of con-
siderable current interest, particularly for applications
in gas turbines. Because extensive testing cannot be
conducted on all these materials, an extrapolation pro-
cedure materially assists in the identification of the
more promising materials. An analysis was conducted
which resulted in a parameter that yielded improved
accuracy over similar extrapolation procedures (Tech-
nical Note 2890). The value of this”parameter was de-
termined in an investigation where experimentally
determined constant nominal stress curves were deter-
mined for five alloys.

In general, considerable improvement in the correla-
tion of the data was obtained with this parameter.
The generalized correlation method also leads to a sug-
gested explicit relation among - temperature, amd
rupture time. The experimental results were found to
tigree with this relationship over wide ranges of the
variables for all five materials.

Many parts of a jet engine are subjectid to high stress
concentrations. An investigation of the iniluence of
these stressconcentrations on the strength of materials,
when subjected to creep loading,, was expanded to in-
clude additional alloys that might be used in jet engines.
Sharply notched and smooth bar st=-rupture tests
were carried out on a number off erriticlow-alloy steels,
ferritic st.sink steels, and austenitic alloya’

The general time-temperature dependence of the
notch effect in stress-rupture twts has been conlhned
for a wide variety of materials. An analysis of the

ductility data revealed that the smooth bar reduction
of area at fracture yields no deiinite information r~
garding the notch rupture sensitivity of a given alloy.
The notch ductilitk were found to conform with the
previous hypothesis that the weakening effect of a sharp
notch is associated with a retained stress concentration.

Consideration of published data for total creep on cer-
tain of the alloys indicated that in some cases design
for a certain total deformation would be limited by the
notch strength.

Notch and smooth bar stress-rupture tests were also’
carried out on the chromium-molybdenum-vanadium
steel 17–22A (S) over a wide ramge of temperatures
from 600° to 1,350° F>” This systematic series of tests
was designed to yield precise information on the tim~
temperature dependence of the notch effect in this
low-alloy steel. The specimens powssed 50 percent
60° sharp V-notclms and were tested for times up to
1,000 hours.

It was found that the trends of both the notch rup-
ture-strength ratio and the notch ductility, when plotted
against testing temperature with time as a parameter,
conform with the previously advanced hypothesis that
a precipitation reaction is associated with the notch
sensitivity. A further analysis of these data yields an
activation ener~ for the process which is close ‘to that
obtained for diffusion of carbon in alpha irQn.

The same steel was used to investigate tie ir$luence
of notch depth at 1,100° F. The results indicate a
strong similarity between the behavior of anotch ductile
alloy in stress-rupture tests and in room-temperature
tensile tests. Foi the notch brittle conditio~ it was
found that the depth at which the onset of notch sensi-
tivity occurred shifted to lower values with an increase
in the testing time. In additio~ for rupture times ex-
ceeding a certain valu~ it appeared that any sharp
notch, however shallow, results in a weakening effeck

Available information on the behavior of brittle and
ductile materials under conditions of thermal stress
and thermal shock was reviewed. A simple formula
relating physical properties to thermal shock rwistance
of brittle materials was derived and used to determine
the relative signiiicamce of two indice9 currently used
to rate materiak (Technical Note 2933). The impor-
tance of simulating operating condition9 in therma.l-
shock testing was deduced from the formula and ex-
perimentally illustrated. It was found that for ductile
materials, thermal shock rwistance depends upon the
complex interrelationship among *veral metallurgical
variables which seriously affect strength and ductility.

The influence of temperature gradients on the de-
formation and burst speeds of rotating disks was in-
vestigated experimentally and by means of plmtic flow
calculations (Technical hTote2803). Short-time spin

0Seo Brown, Jones and A’ewmnnpaper listed on p. 61. 10SeONe~nn, JonesrindBrownpaperUSt@don p. S2.
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tests on parallel-sided, 10-inch-diameter disks were
conducted under conditions that subjected the dislmto
a rrmge of temperatures. Measured plastic strains and
experimental burst speeds were compared with the
strains and burst speeds calculated from the short-time
tensile properties of the disk materiaL The agreement
between the theoretical and experimental rwult.s was
good over the wide ~ue of temperature conditions in-
vestigated. Thermal ~gpd.ientsproduced little reduc-
tion in burst sped of the high-ductility disks; how-
ever, these gradients had a strong i.rdluenceon the be-
havior of the disk during the early stages of plastic
flow. The loss in tensile propertie9 of the material
caused by the temperature of the material had a greater
effect in reducing the burst speed than did the stresses
set up by the thermal gradient.

Physics of SoIids “

Quantitative studiw of the influence of the surface
composition on the creep of zinc single crystals under
constant loads gave results which are in accord with
the theory that a continuous layer of oxide strengthens
@e crystal only mechanically at low loads. However,
at high loai@ the oxide Iay& must crack since creep
proceeds at a rata characteristic of the pure metal
rather than the oxide layer. It was further observed
that an increase in creep rate occurred when the pure
metal ,ymface was treated with dilute mineral acids,
an effczt which had not hitherto been observe~ and
which is not attributable to the strengthening effect
of the oxide layer. An empirical equation of a new
form was developed to describe the cfeep curves of un-
oxidized crystals in air which do not follow preciously

. _ quations-=
As the &t step in a study of the thermodynamic

activitie9 of copper alloys, the vapor presure of pure
copper was measured. By using the Kmdsen effusion
technique in its unmod.ided form, it has been possible
to obtain values bet-wan 1242° and 1563° K vvith
relatively high prwision.~

Work on order-disorder phenomena has been con-
tinued. The specidc heat and the energy of transfor-
mation were measuredin the range from 50° to 200° C.
for the alloy Mg,Cd using an adiabatic calorimeter.
Two transformations of the second order were detected:
the one took place at 153.3° C., indicating a curie point
for the alloy in equilibrium; the second occurred some-
what below 100° C., beii of a rate-process type. The
total heat involved in these transformations was
obtained.”

Ii addition, a theoretical investigation resulted in
the derivation of an expression for the free energy of

u SeeCoflinand WelmanpaperW on p. 5L
mSeeHershpaperlistedon p. 61.
u Sea WeIber,Webeler,and ‘l?rnmborepaperMatedon p. 58.

a binary, cubic alloy undergoing the order-disorder
transition by direct evaluation of the configurational
partition function. An equation based on this expres-
sion and valid at high temperatures was developed
which gives the dependence of the specific heat for
such an alloy on temperature.1~

Previous experiments dealing ~th color centers in
alkali halide crystals had shown that a metastable stnte
could be established in sodium-chloride (NaCl) crys-
tals by electrolysi~ the state being characterized by a
high sensitivity for the formation of nonpermanent
color centers upon irradiation with X-rays. Crystals
in this state were consequently said to contain color-
center precursors. To arrive at a more, thorough un-
derstanding of the processes involved in setting up
color-ceder precursors, measurementswere made of the
apparent free sodjum content of NaCl crystals contain-
ing color centers and color-center precursmx The
ratio of the number of free sodium atoms to vacancy
pairs was found to be about 1 for crystals which had
been subjected to electiolysiq and about 0.1 for crystals
irradiated with X-rays independent of whether these
cryst@s had been first subjected to electrolysis.”

In a further attempt to undcn%tandthe effects of
irradiating materials with X-rays (radiation damage),
a study was made of the thermoluminescence of fluoriti
colored by x-rays. Fifteen emission bands were ob-
served when the crystals were annealed. Continuous
anuealing curves which were dkai.ned for the strongest
emission bands indicated that the bands resulted from
two distinct typw of imperfections in the crystal re-
&lting from X-ray bombardment?e

ROCKET ENGINES

Combustion instability has been encountered during
various phases of the development of liquid-propellant
rocket engines. This combtion instabili~ is char-
acterized by sustained oscillations in combustion-
chamber pressure over a wide frequen~ range. This
problem has been tie subject of a number of investiga-
tions. A recent study of the spray formed by imping-
ing jets of water indicated that upon impingement, a
rolled sheet of liquid was formed which disintegrated
intermittently to form groups of drops which appear
as wavw propagating from the point of impingemen~
The tied of various injector parameters on the fre-
quen~ of wave formafion and on the spray pattern .
was investigated because of its possible rehtionship to
combustion tibili~.

One form of combustion instability, termed chug-
ging, is a cyclical low-frequency type that exhibits

,, ,
x seeSchwedand @?oeMngarpaparIltied on p, 52.
MSeeHacskayloand Otteracmpaparlistedon p. U.
mSeeHIMandAron pa~r llntedon p. 61.
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chamber pressure and nozzle flow or thrust fluctuation
in the frequency range of 10 to 200 cycles per second.
This type of instability” may reduce speciiic impulse
and is believed to be accompanied by changes in com-
bustion efficiency. Resuh of experimental measure-
ments of low-frequency combustion instability of a
300-pound-thrust acid-heptane rocket engine were com-
pared with the trend predicted by an analysis of com-
bustion instability in a rocket engine with a pressmrized-
gas propellant pumping system. (Technical Note
2936.)

For the past several years, considerable interest has
been shown in film cooling as a promising method of
cooling rocket enghics. Film cooling is accomplished
by establishing a iihn or layer of liquid between the
hot gases and the confining wa~ the film of liquid thus
shielding the wall from the hot-gas stream. The over-
all flow system therefore consists of the simultaneous
flow of a gas and a liquid with the liquid flowing as
rm mnulus or film along the duct wall, and the gas
flows at high velocities through the cential core. This
flow system is termed annular liquid flow with cocur-
rent gas flow and is one of several types of two-p-
two-component flow systems. An understanding of the
annular liquid-flow system is therefore desirable for
its application to film cooling. Visual observations
and flow analysis were made of annular liquid flow with

cocurrent air flow in horizontal tubes, The eilect of
liquid properties and air-stream conditions on the
characteristics of the liquid flow were observed. The
results were presented in the form of shadowgraph
pictures of the liquid flow-. Analysis of the flow system
related the characteristics of the liquid flow to the flow
conditions.1’

An experimental investigation of intWaMiquid-
ti cooling was conducted in Z and l-iiikh. &uneter
straight metal tubes with & flows at 6009’.@ 2,000° F.
and Reynolds numbers from 2.2 to 34 x lW. The coolant
was water at flows of 0.8 to M peicent of the iir flow.
Visual observation of liquid+hn flo~s ~were made in
transparent tubes with ai+ow’i at 80” and 800° F. and
diameter Reynolds numbers from 4.1 to 29 X-lW. Flows
of water, -water-detergentsolutionq and aqueous ethyl-
ene glycol solutions were investigated (Report 10S7).

Nitric acid is an importqnt oxidant in rocket pro-
pulsion- This use requires ‘ilata on the physical prop-
erties of the concentrated acid. Consequently, a liter-
ature survey and a supplemental experimental stud;
were made to obtain information on the f ollo&g
physical properties: thermal conductivity, dynamic vis-
cosity, speciiic heat, density, and vapor pressures
(TechnicaJ Note 2970). ,

~ SeeAbram60npaperllsted on p. 51.
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AIRCRAFI’CONSTRUCTION

The need for increased research in the field of air-
craft construction continues More and more it. is
being appreciated tit signiikant advances in aero-
nautics are going to be dependent on our tiowledge
of the behavior of aircraft structures under the ever
expanding environment of fligh~ The so-caIled ther-
mal barrier resul~~ from aerodynamic heat@ at
high speeds looms as an important obstacle to the
designer of new airplanes and misiles. The inter-re-
lation of this problem with problems in aeroelasticity
and flutter add serious complications to the design of
new structures and the selection of new materials.
Fatigue of aircraft atictures also Continu= to be of
major importance not only to transport @e ticraft
but aksob aircraft subjected to lower numbers of ex-
tremely high loads and to aircraft wher6 there is a
cyclic load pattern as in a helicopter rotor mechanism.

In order to promote the early use of research results
in the design and development of airplanes and missil+
the practice of holding technical conferences -ivith
representatives of the military services and the aircraft
industry was continued during the past year. A tech-
nical conference on structur~ loads, and flutter prob-
lemswas held at the Langley Laboratory in March 1953.

&in the past, a portion of NACA’S research in this
field was performed under contract at university and
other nonprofit scientific institutions. A description of
the Committee’s recent uncla.died research on aircraft
construction is given on the follo-iving pages and is
divided *intofour sections: Aircraft structures, aircraft
lea@ vibration and flutter, and aircraft structural
materials.

ATRcRAFr STRUCI’URES

Static Properties

In order to support the severe loads encountered in
supersonic flight and to obtain adequate torsional sti.il-
nes% wing structures of thick plate construction are
being used. Recent structures research by the NACA
has placed emphasis on methods of analysis for such
thick-plate construction.

If the form of the thick-plate structure is the same
as that of a familiar thin-sheet structure, some ex-
tension of previous methods of analysis may be ade-
quate ta take in@ account the use of thicker material.
For exampl~ the experimental investigation reported
in Technical Nota 2930 showed that the methods of
beam-web strength amlysis presmted in the last annual
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report (Technical Note 2661) are applicable to beams
with thick -we@ provided that previously neglected
portal-frame action rmociated with the thick webs is
taken into accounti

More frequently, thick-plnte construction is most
economically incorporated in a new constructional form.
For wings, the use of thick skins permits a reduction
in the number of stiening elementsrequired to prevent
skin buckling. ‘I%w tith thick skins, pure monocoque,
multiweb wings; and multiweb wings -with various com-
binations of tieners between wetk and stMeners sup-
ported by posts become more suitable than the old thin
skin-sti.fener construction. The new forms of wing
construction have been studied in a series of investign-
tio~ both theoretically and experimentally.

In Technical Note 2875 an amilysis was made of the
bending strength of a pure monocoque &ng and it was
shown that failure of such a wing will occur by a flat-
tening action not encountered in previous types of wing
constmction.

The use of a number of shear webs to support wing
skins has been investigated both experimentally and
theoretically. The factors which inlluence the strength
of multhveb construction have been determined from
the experimental studies. In Technical Nota 2987 these
factors are analytklly evaluated and charts are pre-
sented for the evaluation of the strength of beams for
a wide range of types of multi-webconstruction.

The use of stiilenersbetween shear webs for multiweb
wings is, in some cases,,economical from a production
cost and from a structural weight standpoint. This
form of construction can be analyzed by the methods
given in the previously cited Technical Note 2987, pro-
vided the properties of the stiffeners are correctly eval-
uated. The properties of stiffeners attached to one side
of a sheet or plate are analyzed in Technical Note 2873
and this analysis may be used to evaluate the properties
of stiffeners between shear webs.

The use of stifenem between shear webs with the
stiffenem supported at intervals by posts pryides a
wing internal structure of greater rmcessibili~ than can
be achieved with solid shear webs alone. An analysis
comprising a series of computations performed on the
National Bureau of Standards SEAC digital computer,
together with testresnl@ delineatesthe regions in which
such post-stiffener construction can be successfully
substituted for multhveb construction.

The large root chord of delta-plan-form wings re-
duces the intensity of loading on both tension and com-
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pression covers and makes a thinner skin more adequate
for delta plan forms than for those with smaller root
chords. Hen% thin skin-stiener construction may
still be suitable for much of the structure in delta wings.
In previous years the NACA has provided extensive
information on basic column behavior as well w’ on the
compressive strength of skin-stMener panels tested as
columns. Further information on these subjecte is pro-
vided in Technical Note 2792 and Technical Note 2872.
The latter paper shows graphically the effect of varia-
tions in stress-strain properti~ column proportio~
and initial curvature on column strength. The former-
confirms results previously obtained in column tests
that hat-section stiileners are not structurally superior
to Z-section stiffeners. These results had been ques-
tioned on the basis that column tests are not suiliciently
representative of actual conditions for which the skin-
stiffener panel is part of a box beam. Box beam tests
reported in Technical Note 2792, howev&, gave results
similar to them previously found for column tests.

In recent yenrs a considerable amount of progress
has been made in the development of applications of
electric-circuit analogies to problems in structural
analysis. In order that structural engineers may better
understand the process of designing such eledric cir-
cuit% California Institute of Technology has described
in Technical Nota 2785 the analogy between electrical
and mechanical systems to calculate the stresses and
deflections of beams. This method of analysis has been
applied to thin multicdl wings with rather thick skin
and no stringers. The analysis which is presented in
Technical Note 2786 shows that such a wing deflects
in the manner of a plate rather than as a beam and that
the internal stress distributions may be considerably
~OrOht from those given by beam theory.

The accurate calculation of the maximum strength
of aircraft structure9 usually requirw stress analysis
in the plastic raw In Technical Note 2886, a pro-
cedure is given for the analysis of statically indeter-
minate trusses having members stressed beyond, the
elastic limit. The method, based on the principle of
minimum complementary energy, involvw setting up
simultaneous nonlinear equations that can be readily
solved by iteration.

When a thin-curved beam of amdl curvature is sub-
jected to lateral loads acting toward the cenbw of curva-
ture, the axial thrust induced by the bending of the mch
may muse the arch to buckle so that the curvature be-
comes suddenly reversed. This problem has bwm in-
vestigated by California Inetitute of Technology and
a general solution is presented in Technical Note 284o.

The ability to calculate accurately the distortion of
aircraft wings and tails is essential for aeroelastic
analysis. The distortion of delta wings havin~ carry-
through bays smaller in chord than the-wing ro~t cho~d

are dealt with in Technixil Not-a2927. Experimental
deflection patterns are given for solid metal specimens
of uniform and tapered thickmss and fair correlation
is achieved with a theoretical analysis based on plate
bending theory.

Dynamic Propertie5

For very sudden loadingg, such as those that may
occur in hard km- the usual methods of stress
analysis of wings and fuselages based on elementary-
beam theory are not adequate. The beam equatiofi of
Timoshenko, taking into account shear deformations
and rotary inertia, are more accurate and lend them-
selves to a step-by-step analysis of the strmses as they
propagate through the beam. In Technical Note 2874,
a basic theoretical study of traveling waves in beams is
reported; the mathematical implications of Timo-
shedo’s equations are discussed in detail, and the SOIU-‘
tions to several problems are obtained by various
methods.

Fatigue Properties

The fatigue problam in aircraft structures has been
sharply acc.entuatadas a result of a number of major
accidents, in this country and abroa~ that can be
attributed to fatigue. Although many fatigue tests of
small laboratory specimens have been made to supply
basic knowledge and enggeering information about
fatigue, such tests do not reproduce the complex condi-
tions that exist in a full-scale built-up structure.
Therefore, full-scale C+16 “Commando” airplane wings “
were subjected to fatigue tests at a level of lg*O.625g
or about Ig* 14 percent of the design ultimate load.
The r&sultsof these tests are presented in Technical
Note 2920. Information was obtained on dlective
stres concentration f act.cq the spread in lifetime for
various locations of fatigue faih.ux+ and on the rate of
growth of fatigue craclm It was ak+onoted that no
change occurred in the natural frequency or damping
characteristics of the wings prior to development of a
fatigue crack

Thermal Properties

Nonuniform heating induces thermal stresses in the
6tructure of an aircrafil If the stressesare swiliciently
large, the induced streses may cause buckling of the
skin of the aircraft. In Technical Note 2769 an experi-
mmtal and theoretical study was made to assess the
suitability of wire strain gages for measnring the
thermal stiains induced under moderate nonuniform
tanpera.tunw, up to 300° F., and to develop simple
methods of thermal stressanalysis. It was found - ,
with adequate calibration, the strains measured by wire
gages agreed within 5 percent with those predicted by
theory. It was also found that moderate temperature

I
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gradients induced in a plate (less than a change of
150° F. in lfl inches) were SufEcientto buckle t@ plate
and produce large bending deflections. In ~echnicd
Note 2771 an approximate method, based on large-
deflection plate theory, was developed to pre@~ the
depth of the buckles

Two studies of a prehminary nature lwve been com-
pleted to determine ways by which available room-tam-
perature data on structural strength may be used to
determine the @rength at elevated tempera- A
survey has b- made of the problem of predicting
structur~l strqngth at elevated temperatarca. In Tech-
nical Note 2963,a study is made of the efect of vaxia-
tion in @e~ *e@h on the strength of zkin-stiilener
panels f.o pyovide a basis for the determination of the
tied of, riyeting on the strength of structures at ele-
vated temperaipw.

, Because high tem~eratures can de~elop in the struc-
tures of supers@c aircra~ creep may have to be con-
sidered in the structural design of such aircraft, espe-
cially those intended for sustained or repeated flights.
The creep problem in supersonic aircraft has an impor-
tant aspect noingenerally. encountered in other high-
temperatureequipman~ inasmuch as a large part of the
aircraft strudure consists of pl@ compression ele-
ments which are relatively thin and -whichunavoidably
have slight initial crookedness Creep in such elements
will tend to ma=gpxifythe crookedness continuously and
eventually lead to collapse- & an initial step in the
study of creep strength of columns an analysis was
made of a slightly bent H-section cohunn under con-
stant load. b extension of this work to include the
effect of the actual distribution of matarial over a
rectangular cross section is presented in Technical Nota
2956. This analysis revealed theoretical parameters
in terms of which test data on column creep life should
be plotted in order to permit the maxipmm generaliza-
tion of the data.

AIRCRAFT LOADS

Research Techniques

A general method has bem developed for ‘dibrating
installation of strain gagw on aircraft structures to
permit the measurement in flight of the shear or li&
the bending moment, and the torque or pitching momant
on~he principal liftiig or control surfac= The results
of this investigation are presented in Technical Note
2993. Although the stress in a structural member may
not be a simple function of tie shew, bending momen~
and torquq a straightforward procedure is given for
numerically comb- the outputs of several strain-
gage bridges in such a way that the loads may be
obtainecL In addition to the basic procedun++ ex-
tensions of the method are described which, by elec-

@m.1 combination of the strain-gage bridges, permit
compromises between strain-gage installation time,
availability of record&g instruments, and data reduc-
tion time. The basic principles of straimgag? calibra-
tion procedures are illustrated by reference to .the.data
for two aircraft structur& of typical construction, one,
a straight and the other, a swept horizontal stabilizer.,
Steady Flight Loads

A considerable amount of load data useful for the
structural and aerodynamic design of aircraft have been

. obtained from pressure-distribution testsof a 45° swept
wing of aspect ratio 8. Wing loads produced by trail-
ing-edge flaps of various spans at various span-wise
positions are reported in Technical Note 2988. The
experimental incremental lif$ bending moments, pitch-’
ing moments, and centers of pressure are compared
with calculated values. This comparison indicatea
that there is a need for improved methods for calculati-
ng these parametem.

It has been shown that a satisfactory mathematical
model for a wing-fuselage combination can be obtained
with a simple vortes image system. By using this
sckxne, a method of calculating the lift on the fusalage
in the presence of the wing has been derived. This ma-
thematical model can also be used for calculating the
dowmvash behind the wing and for calculating the spqn-
wise lift on the wing in the presence of the fuselage.

A simpified analysis has been made of the factors
a&cting the loss in lift and the shift in aerodynamic
center of a swept wing due to its distortion under
aerodpamic load. The manner in which these aero-
eIastic effects influence the loads and longitudinal
stability of a complete airplane is considered. Results
of this analysis, presented in Technical Note 2901, show
that the most important geometric parameters of a
wing with re&d to their influence on aeroeladc effects
are aspect ratio, sweep angle, and thicknw ratio. With
the thiclmes ratios being contaplated today, aero-
ebtic considerations would appear to restrict the wing
aqject ratios to low values for large sweep angles and,
conversely, restrict sweep angles to low values for high
aspect ratios. Although the effects of wing tmsion, in
general, tend to alIeviati the effects of wing bending,
the magnitudes of the torsional distortion are usually
small compared with those due to bending except for
wings with low sweep or aspect ratio. S~me allevia-
tion of aeroelastic effects occurs in maneuvers because
of the inertia of the wing. In addition, the eiTectof
-iving-aerodynamic-center shift on the longitudinal
stability of an airplane maybe compensated for by the
associated 10ESin wing lift ~>.ovidedthe percentage re-
duction in wing-lift-curve slope is greater than that for
the tail.
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Maneuver Loads

During the past year attention has been given to the
problem of devising a simple and rational method for
computing the design maneuver load on the horizontal
tail. A damped sine wave elevator motion simulating
the Air Force pull-up push-down maneuver is sug-
gested in Technical Note 287’7as an alternate procedure
for computing the design load on the horizontal tail.
The damped sine-wave motion is not only more repre-
sentative of that actually applied in flight but it per-
mits a simple short solution for the maneuvering tail.
load using operational methods.

An investigation to determinethe effect of horizontal-
tail span and vertical position on the aerodynamic char-
acteristics of an unswept tail-stub fuselage assembly in
sideslip is reported in Technical Note 2907. The rcmdts
indicati that ~e induced load carried by the hori-
zontrd tail and the net load on the vertical tail were
greatly influenced by the horizontal-tail span and ver-
tical positio~ the greatest effects occurring when the
horizontal tail was placed at either the root or tip of
the vertical tail It was found that loads oti the in-
dividual tail surfaces, as well as on the entire assem-
bly, could be calculated fairly well by use of the finite-
step horseshoe-vortex method, wh&ein the tail surfaces
are represented by a finite number of horseshoe vortices.

Gum Loads

Methods used in the description of atmospheric tur-
bulence and the calculation of gust loads have for sim-
plicity been restricted to the case of a single discrete
.-k The limitations of this approach have, in recent
years, encouraged the development of more generally
applicable techniques. In Technical Note 2853the tech-
niques of generalized harmonic analyses have been used
to extend the scope of the analyses beyond the discrete-
gust case to the more realistic case of continuous rough
air. The concept of a power spectrum has been used
to describe continuous rough air and the general rela-
tion for linear systems between the power spectrums
of a random disturbance and an output response used
to relate the spectrum of load to the spectrum of at-
mospheric gust velocity. The results obtained show
that the spectrum of loads provides a simple measure
of the load intensity in terms of the root-mean-square of
the loads. Experimental evidence indicatea that in
some roses the distribution of loads in rough air is ap-
proximately normal and is thus completely described
by the standard deviation. The resul@ ob@ned in
an application of this approach in a series of calcula-
tions indicate that the airplane short-p@iod damping
characteristics may have an important effect on the
loads in continuous rough air. .,

k order to provide for uniformi~ o; &load cd-’
culatiom+ a revised gust-load formula with a new gust

factor has, been derived to replace the previous gust- ‘
load formula and alleviation. factor wide@ wseii in
gust studies. The revised formula utilizm{.the. -e “
principles and retains the same simple &brm of the
original formula but provides a more appropriate and
acceptable basis for gus&load calculations. The gust
factor is calculated on “thebasis of a one-minus-cosine
gust shape and is presented in Technical Note 2964 as
a function of a ma&l%tio parameter in contrast to the
ramp gust shape and wing l?ading formerly used for
the alleviation factor.

One of the problems that concerns the aeronautical
engineer in the formulation of his design relative to
critical airplane loading is the effect of Mach number
on the maximum value of the load induced on an air-
plane by its sudden entry into a gust of given structure.
This E&& h~ been bated in Technical Note 2925,
on the basis of theoretical calculations, for rectangular
wings having an aspect ratio greater than 2 and fly@
at any Mach number between O and 2. The airplane
W@ is considered ti be rigid and to undergo a negli-
gible angle of pitch in the time required for the maxi-
mum gust load to develop. In general it was shown
that decreasing the wing aspect ratio and the wing-to-
air density ratio decreased the maximum .ti loa& and
the reductions were most pronounced at high subsonic
Mach numbers,

Normal acceleration and airspeed data obtained for
one type of twin-engine transport airplane in commer-
cial operation over a northern transcontinental route
have been analyzed to determine the gust and gus&
load experiences of the airplane. The results are re-
ported in Technical Note 2883. The data covered a
period of about 1+$ years and consisted of 888 records
for about 39,000 flight homa These data are ahnost
a complete history of this type of airplane for the
period covered inasmuch as the 24 airplanes instru-
mented constituted nearly all the airplanes of this type
that were built. , The acceleration increments experi-
enced equaled or. -exceeded the limit-gust-load factor,
on the average, tmce (once positive and once ne5@ive)
in about 7.5 x 108 tight miles, and an effective ~gast
velocity of 80 feet per second was equaled or wweded
twice in about 1 x 106flight mib.

The results of an analysis of 48,187 hotmsof normal-
acceleration and airspeed data, obtained on a 4engine
type of transport airplane operating at altitudes up to
20,000 feet in commercial operation on an eastern
United States route from November 1947 to l?ebruary
1950 are reported in Technical Note 2965. The analj-
sis indicates that the.- encountered ‘were less sewire
than those previously encountered in operations below
10,000 feet although about as siwerein terms of yerc.+f
of limit load factor. The analysis also indicates that
high airspeeds were attained more frequently. me
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gust and gust-load experience during the summer
(April through September) was found to be approxi-
mately 20 percent more severe tlmn during the winter
(October through March).

An analytical evaluation of the gust-response charac-
teristk of three twin-engine immsports and a 4-
engine bomber with W@ bending flexibility included,
together with a limited correlation of some of the cal-
culated resultsvvithflight data is presented in Technical
Notes 2763 and 2$97. The efect of gust-gradient dis-
tance, gust shap~ spanwise mass distribution, fomard
velocity, altitud~ comp@bility corrections, and
aspect-ratio corrections on dynamim were investigated.
The results in&cate that three of the airplanes have
rather appreciable elastic-body dynamic-overshoot
effec~ but one does noL

The analyses of results obtained during flight studies
of transient wing response.. on “a 4-engine bomber
airplane are reported in Technical NotM 2780 and 2951.
Acceleration and strain mmsurementa at a number of
spun-wisestations were made during flights through
clear-air turbulence for two speeds and two -weight
conditions. The amplification of strain due to flexi-
bility efkcts was determined by comparing the strains
developed for a unit normal acceleration when the air-
plane encounters a gust to the stmins developed for a
unit normal acceleration in a pull-up. The results in-
dicated that the strains at a station near the wing root
were on the avenge 31 percent greatar for the gust case
than for the corresponding pull-up. The amplitkation
was also found to vary with spanwise location, &ninish-
ing slightly at successive outboard stations except at
the most outboard station where it incr”kased. This is
in contrast to previous remdta for a two-engine tram+
port where an amplification of 20 percent was indicated
for each of theme asuring stations.

A gust-tunnel investigation to detarmine the tiects
of center-of-gravity position on’ the gust loads on a
delta-whg model with the leading ,edge swept back
60° and for a range of center-of-gravity positions from
4 percent ahead of to 11 percent behind the leading
edgg of the mean geometric chord indicated that a 1
percent rearward movement of the center-of-gravity
position increased the acceleration increment in the
sharp-edge gust by 0.5 percent. In a gust with a
g-radiantdistance of 6.5 chor@ the acceleration incre-
ment was increased by approximately 2 percent f or the
same movement of the center of gravi@. Comparison
of these rwults vvith those for a conventiomil airplane
model indicat.w that the change in load for both con-
jurations would be nearly the same in a sharp-edge
~ but in agustw-ith a gradient distance of 6.5 chords,
the c@nge in load for a given change in center-of-grav-
ity position would be approximately twice as great for
the delta-wing model as for the conventional airplane
modeL

Landing Loads

Static force-deflection characteristics of six aircraft
tires were determined for the following conditions:
Vertical loading, combined vertical and side loading,
combined vertical and torsional loading, and, for one
tire at several inflation presmuw , combined vertical and
fore-and-aft loading. The results of this investigation
are premntad in Technical Note 2926. The lateral
spring const.antafor all the tire specimens tested de-
creased with increasing vtitical tire deflection; whereas,
the torsional and fore-and-aft spring constants in-
creased with increasing vertical deflection. The lateral
and fore-and-aft shifts of the centm of prewure of the ,
vertical reaction were found to average 76 percent and
25 percent, respectively, of the side and fore-nnd-nft
tire deflections.

Measurements have been obtained with a specially
built motion-picture camera of landings of transport
airplanes during routine operations at the Washington
National Airport in clear-air daylight conditions.
From these meamirements,sinking speeds, roll attitude
angl~ and rolling velocities have been evaluated. The
equipment and technique employed for the measure-
ments have been found to be accurate and practical, at
least for daytime operations. Continued operation of
the projec~ in which horizontal velocities will also be ,
determined, is expectid to yield information on the in-
fluences of various factors such as airplane character-
istic and weather conditions (turbulence, lowered ceil-
ings, reduced visibili~, and so forth). An airborne
vertical landing-speed recorder has also been developed
and tested in controlled drop testswith forward velocity
as well as in flight on a small trainer-type airplane.
A description of the operation of the instrument to-
gether with collected data is presented in Technical
Note .2906. Evaluation of the data shows that the
instrument is both accurate and practical for obtdn-
ing vertical velocities at the instant of wheel contacti

The general equations govarning the bed-trim water
landing of a straight-keeled seaplane of arbitrary con-
stant cro,msection are presented in Technical Nob 2814
in such a form that the landing motions and loads me
expressed in i.ermsof the steady planing characteristics
of the seaplane. Solutions for a rectangular flat plate
are compared with experimental impact data and are
shown to be in good agreement. Experimental impact
load data for a V-step flat-bottom model having a
high beam loading presented in Technical Note 2932
show results similar to those for transverse steps, and
comparisons of time histories show good agreement ba-
tween experimental results and resdts computed by
the method of Technical Note 2814. The effect of
partial wing lift upon the loads and motions of wide
prismatic V-bottom seaplanes landing with the result-
ant velocity normal to the keel is treated theoretically
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in Technical Note 2815. The increase in vertical hy-
drodynamic load factor is shown to be about 183percent
of the decrease in air load. Additional development
in hydrodynamic impact theory is presented in Tech-
nical Note 2817 where calculated side-forw+ rolling
momen$ yawing momen~ and pressure distribution for
yawed landings and planing of maplaneaare compared
with experimental data for a prismatic wedge ha~ a
cleadrise of 22.5° and are shown to be in reasonable
agreemenL

Water-pressure distributions on a prismatic float
having an angle of dead rise of 22+20are given in Tech-
nical Note 2816 along with velocity, draf$ and accelera-
tion data. These data are for beam-loading coefficients
of 0.48 and 0.97, fixed trims from 0.2° to 30.3°, and
flight-path angles from 4.6° to 25.9°.

An approximate method for computing water loads
and pressure distributions of lightly loaded elliptical
cylinders during oblique water impacts is presented in
Technical Note 2889. The method, of special interest
for the case of water landings of helicopte~ makes use
of theory ,developbd and checked for landing impacts
of V-bottom seaplanes. Comparison of results com-
puted. by this method with limited experimental data
obtained during drops of a circular cylinder at 0° trim
and 90° flight-path angle shows rough agreement.

VIBFL4TION AND FLUTTER

Dynamic ModeI Technique

There are so many unknown factom, both structural
and aerodynamic, involved in the flutter analysis of an
unusual airplane codiguration flown at sonic and super-
sonic speeds that recoume is being made to the testing
of models having scaled down dynamic properties.
Many of these models are tested in flight using the
rocket model techniqu~ The testing of such models in
a wind tunnel is under consideration and effort is being
directed toward the development of a method of sup-
porting the model in the tunnel which will WOW the
model the degrees of freedom which are required to
simulate the flutter conditions of the full scale airplane.

Fuel Motiori in Wing Tip Tanks

When an airplane wing is vibrated or shaken due to
flutter, buffeting, or rough air the sloshing motion of
the fuel serves to damp the ~ motion. In Technical
Nota 2’789 are reported the results of an explorato~
investigation of the dynamic effects of fluid sloshing in
tip tan.b @ two simp~ed model beam-ti sy5
terns. It was concluded fiat tie damping dlect of the
fluid motion and the effective mass of the fluid were
unaffected by changes in visti~ of the fluid but were
strongly affeded by changes in densi~ of the fluid and
the amount of fluid in the tank,

AmcRAFr STRUCI’URAL MATERrALs

Fatigue

Fatigue failure due to variable or wmst.ant cyclic
loading is an important phase in the design of airmaft
structures and structural elements. E5cient H of
available materials was once dependent only upon the
lmowledge of such properties of’ the materials as
strength, ductility, stifness, etc. Knowledge of the
fatigue properti& of the various materials has been
recognized for some time as an addition to these struc-
tural properties. The NAC& therefo~ instituted a
long-rmge program to determine the fatiagueproperties
of currently used aluminum-alloy sheet materials.
&al load fatigue data were obtained on 24S-T8 and
75S-T6 aluminum alloy sheet at both the Langley
Laboratory and Battelle Memorial Instituta. A third
set of data was obtained from tests on cylindrical speci-
mens by the Aluminum Company of &nerica. The
data from the three investigations are presented and
compamd in Technical Note 2928.

The direct application of fatigue data obtained in
laboratory testsof small specimensto the design of large
parts can lead to large unconservative errom for sev-
eral reasons. One of the9e reasons is the fact that the
fatigue stress concentration facto~ for geometrically
similar par@ tand to increase as the size-of the part
increases. h engineering rule for predicting the eilect
of the size of parts on the stress concentration factors
has been developed. A relation originally developed
by Neuber in Germany and involving a new material
constant is used to convert the theoretical sizes concen-
tration factor, which does not depend on absolute sizr+
into the actual fatigue factor. A large number of
fatigue tests of steels tested under completely reversed
load have been co~ated reasonably well by the method.
This work is pr&ented in Technical Note 2$05.

The simplest type of fatigue testis usually made for
constant levels of mtium and minirhum stre.s
Many practical cyclic loading conditiom+ such as the
one found in aircraft wings, occur at varying ampli-
tudes of cycles of shesa The prediction of the life
expectancy of such parts when subjected to irregularly
varying stresses from constant-level data requires the
lmowledge of the cumulative damaging effect of the
successiveapplication of such S* cyck An experi-
mental investigation was conducted in which 2AS-T4
aluminum-alloy rotating-beam specimenswere subjected
to cycles of stresses of constant amplitude and of two
distributions of continuously varyirg amplitudes. The
results and a preliminary analysis, based on an engi-
neering method of predicting cumulative deck, are pre-
sented in Technical Note 2798. The resuh of the
analysis were found to be influenced by the distribution
of continuously varying amplitudes of cyclic stress.
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The eilects of cyclic loading on the mechanical be-
havior of 24S-T4 and 75S-T6 aluminum alloys and
SAE 4H0 steel were studied at the Mamachusetts In-
stitute of Technology. constant level stresstests were
made on specimenssubjected to a number of cycles above
and below the endurance limits. Special slow-bend
tests were then performed at constant deflection rates
and temperaturesto determine the effects of prior cycles
of fatigue stm3sse9on the transition temperature to
brittle fracture of SAE 4130, and on the ener~ absorp-
tion capaci~ of the aluminum allow These tests
showed an increase in the transition temperature for the
steel when fatigued above the endurance limit and a
decreasa in energy absorption for the aluminum alloys
as the number of fatigue cyc.ks increased k tests
conducted at low temperatures ( —320° F.) on
V-notched specimens, 75S-T6 showed considerably less
ener~ absorption than 24S-T4. Them results are
prwanted in Technical Note 2812.

Creep ,

The properties and b~avior of materials subjected
to long-term loading at elevate-dt8mperature9must be
known before efiicient design of many structural ~e-
ments can be accomplished. Creep of matarials is one
of the b~ic phenomena associated with elevated tem-
peratures The program instituted at the Battelle Me-
morial Ihstitute to tidy the ftmdament.ils of creep of
materials is continuing. That portion of the program
reported in Technical Note 2945 covers the creep of
single crystals of aluminum from room temperature to
400° F. during constant load creep tests and increas-
hqg load tensile tests. Observation of the strain mark-
ings on the specimens indicatM that slip plays an im-
portant role in deformation during constant load creep
testsand also during increasing load tensile tes~

The frequency distribution of the angular orienta-
tion of sIip line9 within separate grains on the surface
of a plastically deformed polycrystal provides a basis

. .

for N* the accuracy of assumptions regarding the
detailed medanimn of plastic deformation. In Tech-
nical Note 2777 this frequency distribution has been “
calculated theoretically for a polycrystal composed of
aluminum crystals, each of which has twelve potible
modes of slip. The results are compared with experi-
ment and also -ivith those previously reported in Tech-
nical Note 257’7 (repo,rted in the last annual report) for
a polycrystal composed of crystals which ~ave but a
single mode of slip. The comparisons between the
two theories show that the difference are small at low
stress levels but become large as the stress level is in- ,
creased; the comparison with experiment is consider-
ably better for the twelve-mode theory thm for the
si.@e-mode theory.

In an inv~ation carried out at the Pennsylvania
State College and reported in Technical ?Xote 278’7 an
attempt was made to determine the validi~ of several
theoria of plticity and tie correctnws of the various
assumptions made in these theories. Plastic stress-
strain relations for biaxial tension-compression stresses
were determined for i4S-T4 aluminum allpy. Com-
bined tension and completion principal stresses were ~
produced by subjecting a thin-walled tube to combined
axial tension and torsion.

Plastica .

Transparent cabin enclosures used in the modern
prtied military or commercial airplanes are eub-
ject to failure by crazing or impact. The National
Bureau of Standards is continuing a project to deter-
mine means of improving craze resistance of plastics
and has biaxially stretched polymethyl methacrylate to
100percent and 150 percenk Ultimate tensile strengths
were increased slightly. The threshold Ares for stress-
solvent crazing was approximately three-fourths of
ultimate stress and close to the ultimate stress for the
100 percent and 150 percent biaxially stretched ma-
terial, rwpectively.

.

,.. ,.
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,:.,~.OPERATING PRO13LEMSL.

During the past year, aircrafh hav~ b~ flown at
higher speeds, higher altitudes ahd with..grwter fre-
quency than ever before. This ever incre~g fre-
quency of fl@ht under these wmditions has accentuated
some of the operat@ problems that are ~pertinentto
safety and to the successful attainment of al.lmw.ather
tlight; namely, aircraft iirej icing, meteorology, crash
survival, and ditching. Another very important oper-
@qg problem currently be@ invdigated intensively
is that of the noise generated by the high-powered
enbginesbeing employed in these high performance air-
mail Although the NACA has “establishedthe basic
principles of aircraft engine and propeller noise supJ
pres9ion for conventional aircraft of the recent p@
the noise generated by the turbo-jet and turbo-prop en-
gines now in use and coming into use is of substan-
tially greater magnitude and requires new techniques
for its suppreSsion. The gravity of this situation led
to the creation of a Special Subcommittee on Aircraft
Noise in 1952. Under the guidance of this subcom-
mittee, research in this field has been intensified. This
subcommittee has been very active and, in view of the
current broad research and development activity with-
in the noise field, has maintained close liaison with
other organizations. To accelerateprogress in this fidld
rLseries of informal conferences have been initiated to
bring together the various workers both in this country
and abroad to exchange information and assist in pin-
pointing the most urgent and desirable research to be
undertaken.

Although the magnitude of the noise problem is well
understood and a comprehensive program of research
is vigorously being pursued, the problem is of such a
ditlicult nature that early solutions are not to be ex-
pected.

Other NACA groups that have helped guide the
research which has been carried out in the three NACA
laboratories and under contract with nonprofit re-
smrch organizations includ~ in addition to the parent
Committee on Opera@~ Problem% the Subco@tke
on Icing Problems, the Subcommittee on Meteorological
Problems, and the Subcommittee on Aircraft Fire
Prevention.

The following is a r6sum6of the various unclamiiied
resenrch accomplishments in Operating Problems dur-
ing the past year.

Airspeed Measurement at High Spee~ and AItitndes

Detailed measurement of temperature and static.
pressure at altitudes approaching the tropopause were

taken in flight to determine whether the atmospheric
condition9 neccssmy for accurate use of the tempera-
ture method of airspeed calibration were’present. The
results of the inv@ation (Technical Note 2807) in-
dicated that the requirements for constancy of’ tem-
perature over small intervals of time and horizontal
distance and for a temperature lapse rate less than the
NACA standard atmosphere were not met during the
tests. The temperature method of airspeed calibration
therefore was considered impractical at l@h subsonic
speeds in the altitude range just below the tropopause-

Ditching

An experimental investigation has been conduited
to study the effects of various rear fuwlage shapes on
aircraft ditching behavior. The results (Technical
Note 2929) indicate tha~ at low landing speeds, a flat-
tened rear-fnselage cross section is advantageous ex-
cept where there is no longitudinal bottom curvature
At the higher landing spee~ it was rioted that a
rounded cross section tends to avoid undesirable skip-
ping. In addition, the fuselage vvith the highest’fie-
ness ratio was more moderate m behavior:’ .

Iinwstigations of the ditchimg behavior of specdlc
airplane configurations have been continued utilizing
scale models. The twts weramade in cahn and rough
water to determine the effects of various wi@- plim-
forms and nacelle locations o~new aircraft. Structural
damage, was simulated to show the behavior ORthe
models f ollow@g ditchin& impaat. I Ii:.

Aircraft Accident SIU$&id ,.

Full-scale lightiairplan~ c~,=hes simulating ~-
spin accidents were conducted &Ydetermine the de-
celerations to which occupants, tim’ exposed anct the
restil~u harness farces enc~tered in ;this @@ of
accident (Technical ~ota 2991).. . Ii crashes where the’
impact speeds varied from’: 42 ‘tb, 60 “miks per hour,
crumpling of the f oiswrd”structuie p&Aited the maxi-
mum decekn+kion at the rear +at location from exceed-
ing 26 to 33 g.. ReAm&ing force-s in.fi~ sea&belt-
shoulder-harhass’ combmation. reached 5,800 poun&
It is concluded frtim this investigidion-that the rear
scat occupant can&ur&e c&shel-of the type studied at
impact speeds up to 60 miles per hour if body movement
b properly rcstrairied -. - - .~. ,

During the conduct of the NACA Full-Scale Crash
Fire Program, data were obtained conc&ing the fac-
tors which affect ‘the .cnmwh@of huhmn beings h air-

‘The time intervals during whichplane accidents: ,

39
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occupants could escape from burn@ aircraft -werede-
termined from the data provided by these studies.
This was accomplished by using the time histories of
cabin temperatures and toxic gas concentmkions in
conjunction with data that define the environmental
conditions which can be tolerated by human beings.
Survival times as limited by pain or skin burning
ranged from 50 to 300 seconds. Other hazardous fac-
tors, such as flying detached airplane par@ explosions,
and crushing of the airplane structure, were also
studied.

AERONAUTICAL METEOROLOGY

Atmospheric Tuxbuknce

A cooperative invedigation among the NAC& Air
Weather Service, the U. S. Weather Bureau, and the
Brookhaven Nationid Laboratory has been made to
gather and compare turbulence measurementsobtained
by a suitably instrumented airplane flying in the vicin-
ity of a tower with data from wind vanes on the tower.
TM results of the study indicate a good correlation
between the vertical gusts measured by the airplane
and the horizontal gusts evaluated from the vane mo-
tions, provided that the gusts selected during these
simultaneous measurementshave nearly the same wave
length

To gain more data on the frequen~ of occurrence
and the degrea of severity of high-altitude cbr-air
turbulence, a program for the collection of pilots’ re-
ports of the phenomenon encountered in normal civil
and military operations was undertaken in 1949. Dur-
i@ a 2-year period, several hundred encounters were
reported and a summary of these data indic.qte that
turbulence at high altitud= is a factor which should
be considered in both the design and operation of air-
Crafk

Physics of the Icing Cloud

The meteorological parameters that deiine an icing
cloud, so that accurate prediction of the severity of
icing which may be experienced by various aircraft
components in flight, include liquid -watercontent and
droplet size distribution. Although research toward
the development of new principles to provide the basis
for reliable instrumentation to measure these quantities
accurately in ilight has resulted in sigdkant accom-
plishments in research instrumentation, the time delay
bet-weanits use as a reseamh tool and its development
into an operational piece of equipment may consume
several years, depending upon the required further de-
velopment by industry and its acceptance by the air-
craft operator. Development of aircraft instrumenta-
tion which will define the icing cloud along the aircraft
flight path and which will feed this intelligence to the
ice-protection system controls is at present a goal which

may n@ be reached for many years, but which is ,cer-
tainly vvorthy of achkvement if all-weather flight is
to be attained with a minimum of operational and per-
formance losses for optimum ice protection. Applica-
tion of principles to measure the icing parameters have
been previously reported in various NACA publications
and include the cloud camera, the charge-droplet cloud
analyzer, the rotating disk, the rotating multicylinder,
the pressure-@pe icing-rati meter, the hot-rod, and the
hot-wire icing severity meter.

Despite its disadvantages, perhaps the most widely
used instmunent is the rotating multicylinder, particu-
larly in the field. of flight testing of aircraft in icing
conditions. Because of ita continued use in this field,
the NACA initiated a study of the phenomena of water-
droplet impingement and related information on cylin-
ders. The NACA water-droplet-trajectory analogue
has been used to determine the impingement of water
droplets on a cylinder in incompr~ble and compres-
sible flow fiekls. The results of these studies (Techni-
cal Notes 2908 and 2904) have been used as a basis for
evaluation of the iensitivi@ and limitations of the
multicylinder method, especially as applied to droplet-
size distribution. It has been shown that on the basis
of droplet impingement alone, with other factors such
as blow-off and Ludlam effect not considered, large
errors in the measurement of drop size of the order of
70 percent can exist,

The NACA-AWne-Air Force icing data program
which is utilhing about 100 installations of the NACA
Pressnre-type icing rate meter to collect icing data on a
world-wide basis has just completed its second icing
season. One preliminary report of the analysis of data
collected during the fit year of the program has been
published and preparations for the iinal data collection
season for 195344 have been completed.

ICING PROBLEMS

The degree of ice protection required for any aircraft
component is dependent upon many variables. The
ideal solution is to provide enough protection to insure
no compromim with safety and at the same time mini-
mize the aircraft performance penalties associated with
system weigh$ aerodynamic loses due to ice accretion,
and system ener~ requirements. Recent NACA rs-
search has been directed toward study of ice protection
dtign requirements for high performance aircraft of
the high-speed turbojet category. The rather large
increase in the operating speeds and altitudes of these
jet aircraft over the more conventional type has dic-
tated the need for more atlicientand eilective types of
ice protection systems. The thin swept and unswept
wings now being employed on them high-speed aircraft
Jave also accented the requirement for data that will
help the designer determine accurately, without expen-
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sive fight studiesj the areas requiring protection.
Other r&craft components requiring special studies in-
clude leading-ed=g slots, porous leading-edge -
radomes, helicopter rotor blades, and air inlets and
scoops.

The NACA droplet trajectory analogue has been used
to determine the area, ra~ and extent of impingement
of water droplets on an NACA 651-208 airfoil for a
range of altitude and icing conditions up to a speed
equivalent to the flight critical Mach number of the
airfoil. Variation of the impingement characteristics
of this airfoil have been compared with those of an
NACA 65,-212 airfoil and the results are published in
Technical Note 2952. A method for applying this type
of impingement data to a sweptback airfoil has also
been developed (Technical Note 2931). Impingement
of water droplets on wedges and diamond shaped air-
foils has been studied at supersonic speeds and the
results are presented in Technical Note 2971 for a range
of meteorological conditions.

Aircraft icing at high-flight speeds does not always
present a problem sincathe component surface temfiera-
ture increases with fight spee~ due to aerodynamic
henting, and when this temperature reaches 82° F. ice
will no longer form. This phenomenon is lmo-ivn as
the icing limit. The results of an analytical study of
a general method for the rapid calculation of the icing
limits of any given body in both subsonic and super-
sonic flow have been presented in T@nical Note 2914,
covering Mach numbers up to 1.8 and altitudes up to
45,000 feet. However, although the icing limit may
be reached on the forward portion of an @foil, the re-
sults of an analytical invwtigation of a diamond airfoil
at transonic speeds (Technical Note 2861) show that
the liquid water that runs back past the maximum thick-
ness is subject to freezing in the reduced pressure area
which indicates that areas behind this point may be
susceptible to icing up to a Mach number of 1.4.

In the design of ice-protection systams,the solutions
of equations of heat transfer and evaporation from
wetted surfaces during an anti-icing process can be very
laborious. These equations have been simplified and
presented so as to permit solution by graphical means
(Technical Note 2799). In connection with the design
of ica prckection systems, an analysis of the problems
involved in providing icing protection for a turbojet
transport aircraft has been made (Technical Note 2866).
The optimum icing protection system for any particular
aircraft cannot be generally specified since the choim
of the optimum system is dependent upon the epedic
characteristics of airplane and engine, the flight plan,
the probable icing conditions, and the performance re-
quirements of the aircraft. However, this study pre-
sents all the ramifications associated with the heating
requirements for various methods of protection (both

,

cyclic and continuous) and the assessmentof perform-
ance penalties asociakd with providing this p~otection
from various ener~ sources.

For mmy years the degree of ice protection required
for aircraft wings has been considered from the point
of view that the wing should be clean after he-athas
been applied, whether it be involved in a cyclic or cm-
tinuous type of system. The fact that most systems
on operational aircraft do not atlord clean wings under
all meteorological conditions and that the resulting
r&dual ica accumulated appears to affect the perform-
ance of the aircmft in varyhqg degrees, a general study
of the aerodynamic penaltiw associated with ice ac-
cretions has been initiated. As a fit attempt to assess
the perfomnance penalties wsociated with ice accre-
tions, an experimental investigation has been made in
the Lewis 6- by 9-fo&. icing tunnel to show the efects
on section drag characteristics of those accretions a&
sociated with conditions of cyclic de-ici.rg, continuous
anti-icing, and no protection on an 8-foot chord airfoil
section for several angks of attack. Results of this
investigation are encouraging and additional data, in-
cluding lift and drag on other airfoil sectio~should
result h signifkant data from -which a more realistic
and general interpretation of the problem may be
potibl~

Other published information in the field of ice pro-
tection during the past year include (1) experimental
studies of cyclic de-icing of a gas-heated airfoil with an
evaluation of the effects of various parting-strips on
systam performanc~ (2) an investigation of the per-
formance characteristics of three electrical de-icing .
boots designed for iighter-type jet aircraf$ (3) an ex-
perimental invdigation of an alternate carburetor air ‘
inlet configuration, (4) an experimental study of the
dry-air heat transfer from a body of revolution, (5) an
experimental study of radome heat requirement, and
(6) an investigation to provide design data for the
ice-protection of hollow-steel propeller blades utilizing
electrical henters.

AIRCRAFT FIRE PREVENTION

To aid in the reduction of the crash-fire hazards for
~eoiprocating engine type aircraftj general distribution
has been made of the very impori%mt results of ,$he
NACA Full-Scale Crash-Fire Program in the forms of
a technical report and a technical motion picture in color
and sound This latter form of information distribu-
tion was necessitated because of the dynamics involved
in the study of crash tics and the aircraft industry de-
mand for a detailed account of these results for the
instruction of their employees who are directly con-
cerned with aircraft and equipment design for crash
safety. Pilots are also being thoroughly briefed by this
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film and will therefore receive the background of the
research and development kading to the equipment
and piloting techniques that they will utilize in the
event of a crash. .

The NACA is continuing the study of the crash-fire
hazard as it is related to the turbo-jet aircrafi Results
to date indicate that many of the princplw learned in
the reciprocating engine type aircraft can be success-
fully applied to the turbo-jet type aircrafi even though
the character of some of the ibdtion sources are signif-
icantly different.

In order to minimize the crash-he hwmrd, the ob
vious advantage of jettison@ fuel prior to lan~~ has
been investigated to determine the fuel conwimtrations
that may exist when the dumped fuel approaches the
ground. The resulb of a study ,of the free-fall and
evaporation of n-octane droplets in the atmosphere with
referenca to the~ettison.b& of gasoline at altitudes up
to 11,000 feet over a droplet size range from 6 to 2,000
microns and for temperatures from —37° to + 30° C.
have been publishe& It was concluded that use of
atomizing devices causing production of droplets kw
than WO miu~onain diametar would allow gasoline jet-
tisoning without ground contamination at ground clear-
ances in excess of 250 feet at temperatures above —37°
C. Ground clearances of ~000 feet should su.tliceeven
when the largest (0.2 cm.) droplets are presen< that @
when no atc@zing nozzles are used at temperatures
Up to +30° c.

AIRCRAFT NOISE ~

Propeller-Noise Charts for Transport Air-&t
The rotational ~d vortex noise levels, at 300 feet

distan~ for a number of propellers in static operation
have been calculated for engine ratings of 1,000 to
10,000 horsepower. Charts and tables for the rapid
estimation of the noiso IeveIsand spectrums for a range
of tip Mach numbers from 0.40 to 1.00 (Technical Note
2968) are usel?td for design purposes. The results in-
dicate that if noise reductions are to be obtained or if
present noise levels me to be maintained for higher
power ratings, future propellers should operate at lower
tip speeds than those now in use. In addition, single
rather than dual-rotnting propellers were found to
generate the lowest over-all noise level for a given num-
ber of blades.

Muffler Research Program ,,

An extensive theoretical and experimarita.1 mtiqr
research program was undertaken to aid in establish&
a rational basis for the design of mufllers for internal-
combustion-type. aircraft engines. A large number of
mufikm.&m and @pm were evaluated (Technical Notes
2893 and 2943) to de[ermine the’ validi~ of equations
developed from acoustical theories under certain sim-
pfitig ~ption~ The results demonstrated that
effective mding was possible, but that the theoretically
computed attenuation could not be realized.
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durance oharacterietice of Films Bonded by Practical
Me&ds. By Douglas Godfrey and Edmond FL Bisson.
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No.
28-03.A Theoretical and Experimental Investigation of the In-

fluence of Temperature Gradients on the Deformation
and Barst SPeeda of Rotating Disks. BY P. L ‘iVilter-
dink, L G. Ho- and S. S. -OIL

2-S04.The Planing CM.racteristics of a Snrface Having a Basic
Angle of Dead Rise of 20° and”Horizontal Chine Flare
By Walter J. KfiPryan and Irving Weinstein.

2805. An Ek@neering Method for EMrnating Notch-Size Effect
in Fatigue Tests on Steel. By Paul Kuhn and Herbert
E’. Hardratk

28-06. Comparison of Tvro- and Three-Dime&ional Potentlal-
Flow Solutions in a Rotating Impeller Pasm~ By
Gaylord O. Ellla and John D. St@@.

. 2.S07.Measurements of Temperature V@atioM in the AtioB-
phere Near the ?Mpopause with keference to Airspeed
Calibration by the Temperature Method. By Lindsay J.
Lirm and Harry H. Ricker, Jr.

2806. Short-Bearing Approximation for Fall Journal Bearings.
By T. TV.Ocvirk.

2S09. I@wrimental Investigation of IWcentridty Ratio, Fric-
tion, and Oil Flow of Short Journal Bearings. By G. B.
~OiS and F. W. Ocvirk

2.S10.On&Dlmensional Analysis of Choked-Flow !l?arbinea BY
Robert E. English and Richard H. Oavicchi.

231L On the calculation of Flow About Objects Traveling at
High supersonic Speeds. BY A. J. Egg% Jr.

2$12. Effects of Oydic Loading on Mechanical Behavior of 24S-
T4 and 76S-Tf3 Akunhmm fiOyS and &U!l ~ Steel.
By (J.W. MacGregor and N. (Momrnsn.

2$X3. Theory and Procedure for Determiningg Loads and Mo-
tions in Ohine-Immersed Hydrodynamic Impacts of Pris-
matic Bodie8. By Emanuel Schnitzer.

2KM The Application of Planing CTharacteristtcsto the &lcnla-
tion of the JVater-Landfng Loads and MotIons of Sea-
phlla of Arbitrary Constant Cross section. BY Robert
F. smlley.

2815. A Theoretical Investigation of the Effect of Partial Wing
Lift on Hydrodynamic Landing Oharacteristica of V-
Bottom Seaplanes in Step Impacta By Joseph Ii Sims
and Emanuel Schnitzer.

2$16. Water-Pressure Distributions During Landings of a Pris-
matic Model Having an Angle of Dead Rise of 22~0
and Beam-Imading Ooefiicients of 0.48 and 0.97. By
Robert F. SmiIey.

2$17. A Theoretical and E@erhnental Invatigation of the
Hf@cts of Yaw on Pressnrea, Force% and Momenti Dnr-
ing Seaplane Iandings and Planing. By Robert F.
Smiley.

2&lS. Second Approximation to Laminar Compremible Bound-
ary Layer on Flat Plate in Slip Flow. By Stephen H.
Maslen.

2619. EMWctof High-Lift Devices on the Static-Lateml-StabRi@
Derivatives of a 45° %veptback Wing of Aspect Ratio
4.0 and Taper Ratio 0.6 in Combination With a Body.
Jacob EL Lichtenatein and Jamq L. William&

2620. An Analysis of me Errors in Cm-wl?ifflng Problems With
an Application to the Oalcnlation of Stability Para-
meters From Flight Data. By Marvin Shinbrot.

282L Torsion Tests of Aluminnm-AlloY SW%med Circular
Cylinder& By J. W. Ulark and R. L Moore.

2S22 A Special Investigation to Develop a General Method for
‘l?hree-l)imensional Photoelastic Stress halyais. By
M. M. Frocht and IL Guernsey, Jr.

COMMITTEE FOR AERONAU’IWS

No.
2828.

2624.

2825.

2s27.

2626.

2823.

2%30.

283L

2s3.s.

Langley FuR-Scale-Tnnnel Investigation of the Maxhntun-
Lift and Stalling Oharacteristlcs of a Trapezoidal Wing
of Aspect Ratio 4 with Oircular-Arc Airfoil Sections.
By ROy H. &g&

Iilffecb of Independent Variations of Mach Number and
Reynolds Nmqber on the Maximum Lift Uoefflcients of
Four NACA 6-Serie% Airfoil Sectiou By Stanley B’. .
Radsa.

A comparative Examin.ation of Some Memmremenix of
Airfoil Section Lift and Drag at Supercriticnl Speeds,
By Gerald El Nitzberg and Stewart hf. OrandalL

Simulation of Linearized Dynamics of &w-Turbln8
Engines. By J. R. Ketchum and R. T. Oraig.

Inveatlgation of a Diffraction-Grating Interferometer for
Use in A&odynamic Research. By James R, Sterrett
and John R. Mrwin.

ID&d. of a Finite Tmiling-l!ldge Thickness on the Drag
of Rectangular and Delta Wings at Supersonic Speeds.
By El B. Klunker and Conrad Rennemann, Jr.

Experiments ,on Tmnsonic Flow Around ‘il’edgw. By
George P. Wood.

Several Combination Probes for Surveying Static and
Total pressure and Flow Direction. By Wallace M,
Schulz& George C. Ashby, Jr., and John R. Ii&win.

Span Load Distributions Resulting From Constant Angle
of At@& Steady Rolling Velocity, Steady Pitching
Velodty, and Oonstant Vertical Acceleration for
Tapered Sweptback Wings With Streamwise Tlpa Sub-
sonic Leading F.dges and Supersonic Tmiltng Eldges. By
~ m. HmnO and Kenneth 3dargolis.

Theoretical Stady of the Transonic Lift of a Doubl&
Wedge Proffle With Detached Bow Wave. By Walter
G. Vincenti and Oleo B. Wagoner.

An hrdyaia of Normal Accelerations and Airspeeds Of
One Type of Twin-Engine Transport Airplane in Com-
mercial Operations Over a Northern Transcontinental
Route. By my Steiner.

2834. Flow Surfaca in Rotathw AXid-FIOlv Pam.wes, BY
John D. Stanitzand GaYlo~dO. Dllis,

2635.

2896.

2837.

2&39.

2640.

2842.

EITect0$, Ohanging Paa&ge CmM&nration on Internal-
Flow Characteristics of a 4&Inch Oentrifngal Compres-
ser. 11-Ohange in Hub Shape. By John M.Msin and
Donald J. Michel.

Radiant-Interchange Contlguration Factors. By D. O.
Hamilton and W. R. Morgan.

(Mr6ctiona for Drag, I@ and Moment of an &dally
SyrameMcal Body Placed in a Supersonic Tunnel Hav-
ing a Tw&DimenMonal Pressure GradienL By I. J.
Kolodner, E’. Reich% and H. F. Lll~Off.

Calorimetric Deterrnihation of Cmst.ant-Pressare Specific
Heats of Oarbon Dioxide at Elevated Preaaures and
Temperatare& By Virgil El Schrock

Development of !l?arbulenc+hfeaauring Equipment. By
Leslie S. G. Kovdsznay.

Buckling of Low Arches or Ourved Beams of Small Ourva-
tare. By Y. O. Fang and A. Kaplan.

Investigation of 75-Millhneter-Bore Deep(lroove Ball
Bearings Under Radial Load. at High Speeds. 1—011-
Flow Studies. By Zolton N. Nemeth, El. Fred Mm%,
knd William J. Anderson.

The Planing Oharacterhrtica of a Surface Having a Basic
Angle of Dead Rise of 40° and Horizontal OMne Flare.
By Ulysse J. Blanchard.
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No.
2843. AusiliarY Equipment and Twhniques for Adapting the

Constant-Tempemtare Hot-Wire Anemometer to Sp+
cific Problems in Air-Blow Measnremenh By James
0. Laurence and L. Gene Landes.

2.S44.Laminar Boundary I#yer on Cone in Supersonic Flow’ at
Large Angle of Attack. By Frmklin K. Moore.

2S45. X-my Instrnmentation for Density @mnrementa in a
Supemonic ~0~ Field. BY John Dimeffj Ralph K.
HaUem Jr., and 0. Frederick Hansen.

2846. JilffectiveLubrication Range for Steel Surfaces 130undary
Lubricatedat High SlidingVelocit.ieaby Various Oiassea
of Synthetic Fluids. By Robert L. Johnson, Mas A.
Swiker~ and I!khnondEl Bisson.

2647. Section Characteristics of a 10.5-Percent-Thick Airfoil
With Area Suction as AfPectedby OhordwiseDistribu-
tion of Permeabili@. By Robert Ii. Dannenberg and
James A. Vleiberg.

2-84RInvestigation of spontaneous Ignition Temperatnma of ~
Organic Compounds With Particular Ernphads on
Lubricants. By CharleaEl.IiYank,Angus U. Blackham,
and Domld Swarts.

2849. Corrections for I@ Drag, and Moment of an Airfoil in
n Supersonic Tunnel Having a Given Static Prcssare
Gradient. By H. F. Ludlotl and M. B. I’riedman.

2M0. Study of Pressure Effects on Vaporization Rate of Drops
in Gas Streams. By Robert D. Ingebo.

2651. The Aerodynamic Design of Supersonic Pro@lers From’
Structural Consideration& By Jerome B. Hammack.

2652. An Invwtigation UtIIMng an Electrical Analogue of
IYyclicDe-Icing of a Hollow Steel Propeller With an
ElxternalBlade Shoe. By Carr B. Neel, Jr. .

!2$63.A Study of the Application of Power-Spe&ral Methods of
Generalized Harmonic Analysis to Gust Loada on Air-
planes. By Harry l?res and Bernard AIaselsky.

2$54. Average Skin-F’rictionDrag CoeiRcientsFrom Tank TWe
of a Parabolic Body of Revolution (NAUA RM-10).
By

9
QJ. Alottard ani3J. Dan I@oser.

2.W5.General orrelation of Temmrature Profflee Downstream
of a Heated Air Jet Directed at Various Angles to Air
Stream. By Robert S. RuggerL

2856. ll?stimatedPower Reduction by Water Injection in a Non-
return Supersonic Wind TunneL By Morton Oooper
and John FLSevier, Jr.

2&57.A Theorethml Method of Analyzing the Elffectaof Yaw-
Damper Dynamics on the’ Stabiliti of an &craft
Equipped With a Second-OrderYaw Damper. By Al-
bert & Schy and Ordway B. Gat= Jr.

2868, Supersonic Wave Drag of Nonlifting Delta Wings with
Linearly Varying Thickness Ratio. By Arthur Hen-

,~,~ ,derson,Jr.
2M9. ?he Langiei 2,000-HorsepowerPropeller Dynamometer

and Tests at High Speed of an NAOA 10-(3) (08)-03
Two-Blade Propeller. By Blake W. Corson, Jr., and
Jniian D. Maynard.

2S60.Interaction Between a Supersonic Stream and a Parallel
Subsonic Stream Bounded by Fluid at Rest. By Her-
bert S. Ribner and El.Leonard Arnoff.

2$61. Analytical Investigation of Icing Limit for Diamond-
Shaped Airfoil in Tranaonic and Supersonic FioTv. By
Edmund 11 Callaghan and John S. Serafini.

2862 Iniluence of Nonmarte&itic Transformation Products on
Mechanical Properties of Tempered Martensite. By
J. M. Hedge and W. T. Lankford.

2-S63.Laminar Natnral-Convection Fiow and Heat Trander of

No.
2%64, Ckmvection of a Pattern of Vortidty Through a Shock

Wave. By H. S. Ribner.
2S6S. Inve&lgation of Gases Evolved During Firing of Vitreous

Coatinga on SteeL By Dwight G. Moore and Mary &
Mason.

2866. Icing Protection for a Turbojet Trampmt Airplane: Heat-
ing Requirements, Methods of Protection, and Perform-
ance Penalties. By Thomas 3?.@lder, James P. Lewis,
and Stamey IL Koutz.

2S67. Heat and Momentum Transfer Between a Spherical Par-
ticle and Air Stieams. By Y. S. Tang, J. M. Duncan,
and H. E. Schweyer.

2S6S. Reflection of a Weak Shock Wave From a Boundary
Layer Along a Blat Plate. I—Interaction of Weak
Shock Waves With Laminar and !l?arbulent Bonndaxy
Layers Anslyzed by Momentum-Integral Method. By
Alfred Ritter and Yung-Hnai Kuo.

2$69. Reelection of Weak Shock Wave From a Boundary Layer
Along a Fiat Plate. 11-Interaction of Oblique Shock
Wave With a LaminarBoundaryLayer AIIabz@ by
Dtierential-EquationMethod. By Yung-HuaiKUO.

2370.Power-OffFlare-UpTestsof a hIodelHelicopterRotorin
VerticalAutorotation.By S. El.Siaym*er and Robin
B. &ay.

= ExmrhaentalInvestigationof tiss inan&umlarOascade
of Turbine-NozzleBladeaof Free VortexDesign. By
Hubert‘iv. Allen,~ton G. Kofskey,and RichardE.
O-ilamnem. “ .

2872.The ~ect of Initial Ourvatureon the Strengthof an
InelasticColumn. By Thomas~. wilder,HI, ~illiaro
A, Bw&& Jr.jand mdon E, hIathanser.

2$73.TheEffectof LongitudinalSti&nersLocatedon OneSide
of a Plateon tie CompressiveBucklingSheasof the
Pla@stiffenerCombination.BYPaul Seide.

!2374.On ~aveling waves in Beams. BYRobert~. Leonard
andBernardBudianskY.

2876.Behaviorin PureBendingof a LongMonocoqueBeamof
~uIar-Arc OrOssSection. By Robert W’. I?ralich,
J. Mayers, and I@ic Reissner. -

2876. The Planing Characteristics of TWO V-Ohaped Prismatic
Surfaces Having Angles of Dead Rise of 20° and 40°.
By Derrill B. Ohambliss and George M. Boyd, Jr.

2-S77.On the Use of a Dam@ Sin&Wave Elevator Motion for’
computing the Design Maneuvering Horizontal-Tail
Load. By Melvin Sadoff.

2-S7&Combined Eiffect of Damping screens and Stream Con-
vergence bn Turbulence. By Maurice Tucker.

2379: Unsteady Oblique Interaction of .a Sho& Wave With a
plans Disturbance. By FranidixL K. ~00~

&. A Di@aliAmtomatic Mnltiple Presmlre Recorder. By
Bert & C%ms,D. R. Daykin, 120n@ Jafkj and Wer
M. sharp. “ ti

2861. Aerodynamic Characteristics of :a Two-Blade NAOA
10-(3) (062)-045 Propeller and ofi~a Two-Blade NAOA
1W(3) (0S)-046 Propeller. By?WfiWun Solomon.

26S2. Theoretical Investigate@ of .tha ~Xongitudinal Rwponse
OharacterMics of a Swept-~i&Ii’i@iter Airplane Hav-
ing a Pitch-Attitude Control Sy&m. By Fred H.
Stokes and J. T. Matthew?.

26S3. Bearing Strengths of Some 76S-TB and 14S-T6 Aluminum-
Alloy Hand Forgings. By ELM. Finley.

28S4. calculation and Mmsnrement of Normal Mode&of Vibra-
tion of an Aluminum~Alloy Box Beam With and TVifiout

Fluids With and Without Heat Sonrces in Ohannels Large Discontinnities.
With Constant Wall Tempemturw. By Simon Ostrach. M. Howard.

By Frank U. Smith and Darnley

.
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No.
28S5. Some Exact Solnticmeof Two-DhnenaionalFiowa of Com-

pressible Blnid with Hodograph Mefiod. By Chleh-
Chien Ohang and Vivian O’Brien.

2666. An Anaiyaia of Statically Indeterminate Trnsaea HavSng
Members Str@aa3 Beyond the ProWrtionai LimiL By
Thomaa W. ~-der, III.

28S7. On the Stability of the Laralnar Mixing Region Between
Two Parallei Streams ina Gaa. By C.O. Lin.

266S. Performance Oharacteristlca of Plane-Waii Two-Dimen-
alonai DM!nsera. By Rllilott G. Reid.

2889. EMrnation of Hydrodynamic Impact I.aada and Pr&mare
Distributions on Bodies Approximating Elliptical Oyl-
indera With SpecSai Reference to Water Landinga of
Heiiocopters. By Emanuel Schnitzer and Melvin E.
Hathaway.

2S90. A Linear Tlrae-Temperature Relation for IPxtrapoiatlon
of Oreep and Strew-Rupture Data. By S. S. Manson
and L hf. Haferd.

2@1. Factom AffecHng Laminar Boandary Layer l&mmre—
ments in a Superaordc Stream. By Robert El Blue and
George M. Low.

2S92. A Rapid Method for Estimating the Separation Point of a
Oomp=ible Laminar Boundary Layer. By Laurence
K. Loftin, Jr., and Homer B. WRsoU Jr.

2S93. Theoretical and Meaanred Attenuation of Mnillera at Room
Temperature Without Flow, With Comments on Elngin&
Iikhauat Mn131erDesign. By Don D. Dav@ Jr., George

. L. Stevens, Jr., Dewey Meow and George M, Stokes.
2S94. Caicniationa of Upwash in the Region Above or Beiow

the Wn&Ohord Planea of Swept-Back Wing—Fasei@+
Nacelle Combinations. By Vernon lk Rogaiio and John
L, McOioud III.

28%. Effect of Variable V@coaity and Thermal Conductivity on
High-Speed Slip Flow Between Ooncentric Oyiindera
By T. 0. Lin and R. D. SheeL

2S96. Snrvey of Portions of the Iron-N1ckei-Moiybdenmn and
Oobalt-fion-Aroiybdennm Ternary S- at 1~0° 0.
By Diiip K. Daa and Pani A. Beck.

2S97. Evaluation of Gust Rwponse Oharacterfstka of Some
Exk?ting Aircraft With Wing Bending Jjlexibility In-
cluded. By RIldon?il Kordw and John Cl Houbolt.

2698. Theoretical Oaicniationof the Pressare Diatribntiou Span
Loading, and Roiling Moment Due to Sidealip at Super-
sonic Speeds for Thin Sweptback Tapered Wings With
Superamdc Trailing Edgw and Wing Ttpe Paraiiei to
the ~ of Wing Symmetry. By Kenneth Margol@
VW&or L. Sherm~ and Margery El. Hannah.

2S99. Measnrementa of Flying Qnalitfea of an 1747D-30 Air-
plane To Determine Longitudinal Stability and C%ntzol
and Stalling Characteristic. By Christopher O. IG%@
Jrq R. Fabian GoranaoL and John P. Reeder.

2900. The Oalcalation of Premnre on Slender Airpianw in Snb-
sonfc and Supersonic Flow. By Max. A. Heaalet and
Harvard Lomax

290L An Anaiyfi of the Factors AtWcting me Low in Lift and
Shift in Aerodynamic Center Produced by the Distor-
tion of a Swept Wing Under Aerodynarolc Load. By
Oharlea W. hfathewa and Max 0. Kurbjnn.

2902. Matrix Methods for Determhin g the LongitnWSta-
bility Derivative of an Airplane From Tranaient Flight
Data. By Jamea J. Donegam

2903. Impingement of Uloud Dropieta on Aerodynamic Bodies as
At&ted by C!omprwaibii.ity of Air Blow Arormd the
Body. By Rinaldo J. B~ John S. Serafkd, and Helen
hf. Gallagher.

No. .

230-4. Impingement of Water Droplets on a Oylinder in an In-
compre@ble Flow Field and Evaluation of Rotating
hfniticylinder Method for Measnrem ent of Drople&Slze
Distribution, VohnnM&dian Droplet Size, and Liqnld-
Water Oontent in Ulouda.. By Rinaldo J. Brnn and
Harry W. Mer@er.

2905. A Rapid Method for Use in Design of !ihmbinea Within
Speclfled Aerodynamic Llmita By Richard H. flavicchl
and Robert El. Rlngliah.

2906. An Airborne Indicator for Memmring Vertical Velocity of
Airpianea at’Wheei Ckmtact. By Robert 0. Dreher.

2907. Effect of Horizontal-Tall Span and Vertical Location on
the Aerodynamic Oharacteriatice of an Unswept Tail
Ammmbly in Sidexiip. By Donaid R. Riley.

290S. Determination of ?&m Oamber Snrfacea for Wings Hay-
ing Uniform Ohordwise Loading and Arbitrary Span-
wise Loading in Snbaonic Flow. By S. Katzoff, M.
Francea Faiaon, and Hugh U. DaBose.

2909. Stady of Secondary-Flow Patterna in an Annukw Cbcade
of Tarbine Nozzle Bladea With Vortes Design. By
Haroid E. Rohiik, Hubert W. Allen, and Howard Z.
Herzlg.

2910. An Application of the Method of Oharacteristlca to Two-
Dimerwionai -onic Fiowa With Detached Shock
Wave% By Keith Cl.Harder and IO.B. Khmker.

2911. A Low-Speed Iilxperimentai Stndy of the Directional
Oharacterietica of a Sharp-Nosed Fuselage Thron@ a
_ ~glNf-Am* Range at Z@rob~le of Sldeal@
By Will@a Ll?titO.

Z912.The NormalOomponent of the Induced Velocity in the
‘ Vicinity of a Lifting Rotor and Some Flxaroples of IW

Application. By Waiter CWtiea, Jr. and Jacob Henri
De Leenw.

29LS. On the Development of Tnrbnient Wakes From Vortex
Streeti By Anatol R08hk0.

2914. A Method foi Rapid Determlnatlon of the Icing Lhnlt of
a Body in Terms of the Stream Oonditionc. By Ed.
mnnd E. OaRa$+hanand John S. Semlrd.

2915. EtR!ct of ProceWng Variablea on the Trrmsitlon Tempera-
- Strength, and Dnctility of High-Purity, Watered,
Wrought Moiybdennm Metal, By Kenneth U. Dike
and Roger A. Long.

2916. EfCectof Thermal Properties on hmlnar-Boundary-Layer
Oharacteristka. J3y El. B. Klunker and F. Edward
McLean.

2917. A Modified Reynolds Analogy for the Cempreesible Tur-
bnient Bonndary Layer on a Flat Plate. By Morrla W.
Rnbcain.

291& Effects of Paraliei-Jet Mixing on Downatrearn Mach Num-
ber and Stagnation Pre&nre With Application to Rlngine
TeMng in Superaordc Tunneis. By Harry Bernstein.

2919. The Asymmetric Adjustable Supersonic Nozzle for Wind-
Tnnnel Application. By E Julian Allen.

2920. Interim Report on a Fatigue Investigation of a FnU-Scale
mort mm Wing Strnctnre. BY M. Jamea
Mc&@a.n, Jr.

202L The Aerodynamic Design and Calibration of an Aayrnmet-
ric Variable Mach NnmberNozzle With a Sliding Block
for the Mach NumberRange 127 to 2.75. By Paige B.
Bnrbank and Robert W.-Byrne.

2922. The Design of Variable Mach Number Asymmetric Super-
sonic NomlM by Two Procedures 13mploying Inched
and Onrved Sonic Lines. By Clarence A. Syvertaon and
Raymond a Savin.
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No. No.
2923. Study of Motion of Model of Personai-Owner or Liaison 2944. The Zero-Lift Drag of a Slender Body of Revolntlon

Airplane Through the Stall and Into the Incipient Spin (NAOA RM-10 Research Model) as Determined From
by Means of a Free-Flight Testing Technique. By Teats in Several Wind Tunnels and in Elight at Super-
Ralph TV. Stone Jr., Wlliiam G. Garner, and Lawrence sonic Speeds. By Albert J. Evans.
J. Gale. 2!345. The (keep of Single Crystals of Aluminum. By R D.

2924. Combined-Str@s Fatigue Strength of 76S-T61 AlnmintmI Johnson, F. R Shober, and A. D. Schwope.
Aiioy With Superinqmsed Mean Stresses and Comectione 2946. A Smali Plrani Gage for Measurements of Nonsteady Low
For Yieldlng. By Wiiiiam N. Findiey. l?reasares. By M. John Piiny.

20’25. Lift Developed on Unrestrained Rectangular WingE 2947. A Visualization Study of Secondary Flows in Oaseades.
Entering Gusts at Subsonic and Supersonic Speeds. By Arthur G. Hansen, Howard Z. Herzig, and George
By Harvard Lomax. R ClOstelio.

2926. stm~~ For~e-Defl~~on o~actefi~~ of Sk ~cr~ 2948. Investlgatlon of Lateral Control Near the Stall. Flight
Tires Under Combined Landing. By Waiter B. Horn& Investigation With a Light Htgh-W’tng Monoplane

2027. Deflection of Delta Wings Having a @rry-Throngh-Bay Tested With Various Amounts of Washout and Variona
Ohord Smaller Than the Wing Root Ohord. By Roger Lengths of I&ading-Edge Slot. By Fred Ii. TVeick,
W. Peters and Manuel Stein. Mm&e S. Sevelson, Jamea G. McCi~ and Marion

2926. AsIai-Load Fatigue Pr~ties of 24&T and 75S47 D. Flanagan.
Aluminum Aiioy As Deterrained tn Several Laboratoriw 2949. A Variable-Frequency Light Synchronized With a High-
By H. J. (Mover, W. S. Hyler, Paul Knhn, Charles B. Speed hfotion-Picture Camem to Provide Very Short
Landers, and F. hL Howell. Exposure Times By Walter F. Lindsey and Joseph

2922. llx~erimental Investigation of the Ml&t of Rear-Fuse- Burlock.
lage Shape on Ditching Behavior. By EiUisEl.McBride 2950. A New Shadowgraph Technique for the Observation of
and Lloyd J. Fisher. , Conical Flow Phenomena in Supersonic Flow and Pr&

2030. Strength Analysis of Stiffened Thick Beam Webs With iiminary Results Obtained for a Triangular Wing. By
Ratios of Web Depth to Web Thicknessof Approxi- EngeneS. hve andCarlE. Grigsby.
mately60. By L. Ross Levin. . 2951.FlightInvestigationof the~ect of Transient~in: Re-

2931.A Jlethodfor DetermlntngOloud-DropletIa@agement sponseon Wing Strainsof a F’onr-lilagineBomberAir-
on Swept~ings. By Robert(2.DorschandRiaaldoJ. planefnRoughAir. By HaroldN.MmrowandChester
Brnn. B. Payne.

2932 Water-LandingInvestigationof a Ilat-Bottom V-Step 2952.Impingementof ~ater Dropletson NACIA0&20S and
llodel and ~~parison ~ith a TheoryIacorporattng 0&212 Airfoilsat 4° An@e of Attack. BYRinfddoJ.
PlnniugDatm By Robert~. ARiler. Bran,Heien~ Gallagher,andDorotheaIl. Vogt.

2033.Behavior of llriterlnisUnder Conditionsof Thermal 2953.An Investigationof theExperimentalAerodynamicLoad-
Stress. By S. S. AIanson. Ing on a klodelHelicopterRotor Blada By John R

2034 Relation’BetweenRoughnessof InterfaceandAdherence Meyer,Jr.,and~aetanoFalabelia,Jr.
of PorcelainE?namelto Steel. By J. 0. Ricbmon~D. (1. 2954 The Strnctnreof Turbulencein FURYDevelopedPipe
MoorG H. B. Kirkpatrick, and W. N. Harrison. Flow. By John Lanfer.

2035. The Galvanic Corrosion Theory for Adherence of Porce- 2966. Elsthnatton of Forces and Momenta Due to Rolling for
lain-Dnamel Ground Coats to Steel. By D. G. Moore, Several Slender-Tail Configurations at Supersonic
J. w. Pitts, J. O. Itichmon& and W. N. Harrison. Speeds. BY Percy J. Bobbitt and Frank S. Malvefkuto,

2036. Combustion Instability in an Acid-Heptane Rocket With Jr.
a Pressurized-Gas propellant Pumping System. By 2956. Clreep-Bu&Ung Analysis of Rectangular-SectIon Cdnxnns.
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pp. 853-868.

Tolefson, Harold B.: Some Possible Reductions in Gust Loads
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Part II-COMMITTEE ORGAiVIZATION AND “cMEMBERSHLP

The National Advisory Committea for Aeronauti=
was established by Act of Congress approved March 3,
1915 (U. S. Code Supplement IV, title 50, sec. 151).
The membership, appointed by the Presiden~ includes
two representatives each of the Department of the Air
For% the Department of the Navy, and the Civil
Aeronautics Authority, and one representative each of
the Smithsonian Institution, the United StatesWeather
Bureau, and the National Bureau of Standards. b
addition seven members are appointed for five-year
terms from persons “acquainted with the needs of aaro-
mmtical scien~ either civil or military, or sidled in
aeronautical engineering or its allied sciences.” The
represmtatives of the Government organizations serve
for indefinite perio@ and all members serve as such
without compensation.

The following changes in the membership of the Com-
mittee have taken place during the past year:

Honorable Joseph P. A- member of the Civil
Aeronautics Board, was appointed a member of the
Committee on November 21, 1952, succeeding Honor-
able Donald W. Nyrop, who rti~ed as chairman of
the CAB and member of the NACA October 31, 1952.

On January 14,1953, Dr. Leonard Carmichael, newly
appointed secretary of the Smithsonian Institution, was
named a member of the NACA to succeed Dr. Alexan-
der Wetmor~ his predecessor as secretary of the Smith-
sonian, who retired December 31, 1952. Dr. ~etmore
was succeeded as vice chairman of the NACA by Dr.
Detlev W. Bronk, -who was elected to that office on
January 23,1953.

V3ce Admiral Ralph A. Ofst& USN, Deputy Chief
of Naval Operations (Air), -wasappointed a member
of the Committee March 30, 1953, succeeding Vice Ad-
miral Matthias B. Qardner, who had just bmn detached
from the same Navy post and assigned to other duty.

On July 8, 1953, the President appointad Rear Ad-
miral Lloyd Harrison, USN, Deputy and As&&@
Chief of the Bureau of Aeronautics. a membar of the

the membership on the NACA of Honorable Walter G.
Whitman, who had bym serving as chairman of that
Boar.%:

~.aihn-danco with the regulations of the Committee
as approved by the President, the chairman and vice
chairman and the chairman and vice chairman of the
rzmcutive committee are elected annually.

On October 23,1953, Dr. Jerome C. Hunsaker -wasre-
elected chairman of the NACA and of the executive
cmnn.ittea,Dr. Detlev W. Bro~ vice chairman of the
NAC~ and Dr. Francis W. Wichelderfer, vice chair-
man of the executive committfm.

The Commit& membership is as follows:

Dr. Jerome O. Huneak”er, Massachneettz Institute of Tech-
nology, Ohairman.

Dr. Detlev W. Bro@ Presiden& Rockefeller Inetltnte for
Medical Resear@ Vice Ohairman.

Honorable Joseph P. Adama, member, Civil Aeronautics
Board.

Dr. Allen V. Aetin, Director, National Bureau of Standards.
Dr. Leonard OarralehaeL Secretary, Smithsonian

Institution.
Lieutenant General Laurence (1 Oralgie, USAF, Deputy

Ohief of StafP,Development.
Dr. J&nes H. Doolittl% Vice Presiden~ Shell Oil Oompany.
Rear AdmiraI Lloyd Harrisonj USN, Deputy and Aesietant

Chief of the Bureau of Aeronautics.
~. Ronald hf. Hazen, Director of Ehghwer@ Allison

Dividon, General Motors OorporatlOn.
Mr. Willlarn IJfflewo@ Vice Preaiden& IOngineering,

American Airlim* Inc.
Honorable Robert B. Murray, Jr., Under Secretary of

Oommeree for Transportation.
VW Admiral Ralph A. Ofsti~ USN, Deputy Ohief of Naval

OperatioILE(Air).
Lieutwmnt General DonaId L I%@ USAI?, Commander, Ah

Re&arch and Development Oommand.
Dr. Arthur E. Raymond, Vice President, Elngineerlng,

Douglaa Aircraft Company, hm.
Dr. F’ranch W. Reiehelderfer, CW@ U. S. Weather Bureau,
Dr. Theodore P. Wrigh& Vice President for Research, Cor-

nell University.

&&s@ the (%mmittee in ib coordination of aero-
NACA succeed@ Vice Admiral (ti&n ReaJ-Admiral) - nautical r&arch and the formulation of its research
Thomas S. @*, who was detached June 26 as (%.i~
of the Bureau of Aeronautics and assigned to sea duty.

Honorable Robert B. Murray, Jr., Under Secretary
of Commerce for Transportation, was appointed to the
NACA on July 10, 1953, as succwmr to Honorable
Thomas W. S. Da% who rwigned as Ass&tant Secre-
tary of Cknmnerceand NACA member January 20,1953.

The abolition of the Research and Development
Boar& effective June 30, 1953, in accordance with W-
organization Plan No. 6, resulted in the termination of
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programs are four technical committees: Aerodynamics,
Power Plants for Aircra~ Aircraft Construction, and
Operating Probkuns. Emh of these committees is
aided by from four to eight technical subcommittees.
The Committee is advised on matteraof policy affecting
the aircraft industry by an Industry Consulting
committee. .

Membership of the committees, with the subcom-
mittees listed under the technical committees having
cognizanc~ is as follows:

●
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Dr. Theodore P. W’rIgh~ Cornell University, Chairman.
CaPL Walter S. Diehl, U. S. N. (Ret-), Vice m~~
Dr. Albert H. LombarG Jr., Dfmctorate of R~ch ad De

velopmen~ U. S. Air Eorce.
COLRobert (3. Ruegg, U. S. A. IT.,Wright Air Development

Center.
Mr. E’. & Imuden, Bnrean of Aeronautics, Departmmt of the

Navy.
CaPt.M. IL Kelles’,U. S. N. (Ret.), Bureau of Ordnance.
Maj. Gem Leslie Il. SLtnon,U. S. A., CM% Ordnance ReEear@

and Development Dlvlsion.
Mr. Harold D. Ho~trai Civil Aeronautics Administration.
Dr. Hugh L. Dryden (es oflicio).
Mr. Floyd 1AThompsow NAOA Langley Aeronautical Imbora-

tory.
Mr. Russell Q. Rob@n, NAOA Ames Aeronautical Laboratory.
Prof. 13merson W. C@lon, Fairchild Elngine and Airplane Corp.
Mr. Alexander H. FltE~ Cornell Aeronanticnl Laboratory, Inc.
Mr. Edward J. Horkey, Pastushln Aviation Corp.
Mr. Clarence L. Johnson, Lockheed Aircraft Corp.
Dr. Clark B. MiIllkq California Institute of Technology.
Dr. W. Bailey Oswald+Douglas Aircraft Co.,’Inc.
Dr. Allen El. Pncket$ Hnghea Aircraft C%.
Mr. George S. Schairer, Boeing Airplane Co.
Mr. ELG. Stout, Consolidated Vultee Aircraft Corp.
Prof. HI.S. Taylor, Massachneet@ InstItnte of Technology.
Mr. R. H. TVidmer, Oansolidated Vultee Atrcraft CkmP.
Mr; Robert J. Woods, Bell Aircraft Corp.

Mr. Milton B. Ames, Jr., Secretary

Wmmmnittee on I?lnid Mechanics

Dr. Clark B. Mill&an, Oalifor@a Institute of Technology, Chair-
man.

Dr. Theodore Theodorsen, Air Research and Development C!om-
mand, U. S. Air Force.

Major Michael Zubon, U. S. A, F., Air Research and Develop
ment Command.

Mr. PhilliP Eisenberg, OtTtceof Naval Research, Deparbnent of
the Navy.

Comdr. L G. Pooler, U. S. N., Bnreau of Ordnan=
Mr. Joseph Sternberg, Ballistlc Research Laboratorlef$ Aber-

deen Proving Ground.
Dr. CLB. Schubauer, National Bureau of Standards-
Dr. Oarl Kaplan, NACA Langley Aeronautical Laboratory.
Mr. John Stack, NACA Langley Aeronautical Laboratory.
Mr. Robert T. Jon&% NACIA Ames Aeronautical ImboratorY.
Mr. Walter G. VlncentI, NACA Ames Aeronautical Laboratory.
Dr. John O. 13ward, NACA Lewis Flight PropnIalon Laboratory.
ProL Walker BleakneY, Princeton UrdvemltY.
Dr. Francis E Cheer, The Johns Hopkins Unlverai@.
Dr. Antonio Ferrl, Polytechnic Institnte of Brooklyn.
Dr. Arthur T. IPPen, Massachusetts Institute of Technology.
Dr. Hans W. Liepmann, California Institote of Technology.
Dr. C. 0. Lin, Maseachnsette Institnte of Technology.
Dr. William R. S- Cornell Univeti@.

Mr. KI.O. Peamo~ Jr., Secretary

Submrnmitteeon High-SpeedAerodynarnim

Dr. Allen El. PucketL Hughes Atrc@ Coq Chairman.
Colonel Elmer E. Ambrose, U. S. A. F., Air Research and De-

velopment Command.
Mr. EL L. Anderson, Wright Air Development Center, U. % Air

worm.
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Mr. II. A. Loud- Bureau of Aeronautic% Department of tia
Navy.

Dr. J3. H. Knrzweg, Naval Ordnance Laboratory.
Mr. C. L. Poor III, Balliatlc Research LaboratoriW Aberdeen

Proving Ground.
Mr. Robert R. Gilruth, NAUA Langley Aeronautical Laboratory’.
Mr. John Stack, NACA Langley Aeronautical LaboratorY.
Mr. H. Jnlian AReIL NACA Ames Aeronautical Laboratory.
Mr. Abe Silverst&in, NAOA Lewis Flight Propnhdon Laboratory.
Mr. Irving lk’Aehkenas, Northrop AirorafL Im. .
Mr. Ralph L, BaYlea& Consolidated Vnltee Aircraft Corp.
Mr. Benedict Cohp, Boeing Airplane C%.
Mr. L. P. Greene, North American Aviation, Inc.
Mr. John (3. I&q United Aircraft ~rP.
Mr. David S. Lewis, Jr. McDonnell .Aircraft Corp.
Prof. John R. MarkhanL Maasachwetts Institute of Technology.
Mr. CLEl Pappas, Repnblfc Aviation Corp.
Mr. George S. Trhnblei JrwThe, Glenn L. Martin C%
Mr. K. El.Van Elvery, Douglas Aircraft C% Inc.

Mr. Albert J. Evans, Secretary

Subcommittee on StabiRty and Control

Capt. Walter S. DiehL U. S. N. (Bet), Chairman.
Mr. Melvin Shorr, Wright Air Development Oenter.
Mr. Gerald G. KayteIL Bnreau of Aeronautics, Department of

the Navy.
Mr. Mmabam L Moskovit.izBnreau of Ordnan~ Deparhnent of

the Navy.
Mr. Philippe W. Newton, U. S. ArmY Ordnance OorWL
Mr. John A.’ Oarraw Oivil Aeronautic Administration.
Mr. Thomas A! Han%, NACA Langley A@”oJMNIticd ~bo~~ry.

Mr. Harry J. Goetb NAOA Ames Aeronautical Laboratory.
Mr. M. J. Abzng, DOWISEAircraft C& Inc.
Dr. James O. Fletcher, Hughes Aircmft Corp.
Mr. George S. &aff, McDonnell Aircmft COrp,
Mr. Herbert Harrisj Jr. Sperry Gyroscope 00., Inc.
Mr. Stuart A. Krieger, The R&D Corp.
Mr. W. F. Milllkem Jr., Oornell Aertmantical Laboratory, Inc.
Mr. Dale D. Myers, North American Aviatiou In&
Prof. Ckmrtland D. Perkini$ Princeton University.
Dr. Robert C Seamans, Jr., Mammchnsetts In8titote of Tech-

nology.
Mr. Ralph H. Shic& Consolidated VnMee Aircraft Corp.
Mr. Charles T&_ner, Jr., Grmnman Alrcmft Engineering Ckmp.

Mr. ”Jack D. Brewer, Secretary

Subcommittee on Internal Flow
-1

Mr. Philip A. C@nfuL I.mkheed Aircmft Corp. chairman.
Mr. Joseph Fla& Wright Mr Development Oenter.
Mr. Robert E. ROY,Wright Air Development Center.
Mr. R. T. Miller, Bnreau of Aeronautic Department of fie

Navy.
Dr. Alfred Ritter, Otlice of Naval Reseamh, Department of the

Navy.
Mr. 0. L. Zakharkh enko, U. S. Naval Ordnance EqerhnM.al

Un.k
Mr. John V. Becker, NAOA Langley Aeronautical Laboratory.
Mr. Wallace F. Davis, NACA Ames Aeronautical Laboratory.
Mr. DeMarcInle D. Wya& NAOA Lewis Flight Propulsion B

omtory.
Mr. J. S. ~Ord, General ~eCtriC b.

Mr. William J. Bla@ hf@OtUl~ Aimraft am.

Mr. John A. Drake Marqnardt Ahcraft CO.
Dr. K F. Dnnholter, Ccmeolidated VuItee Aircraft COW
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Mr. Leo A. Geyer, Qramm an Aircraft mlgineering Corp.
Mr. Donaid J. JordaIL United Aircmft Cm-p.
Dr. William J. O’Donn~ Republic Aviation Corp.
Prof. &cher EL Shapiro, I@ssachnsetts Institute of Technology.

Mr. Albert J. Evans, Secretary

%bcomrnittee on Propeiiern for Aircraft

Mr. George W. Brady, Cartiss-Wright Corp. ChMrmam
Mr. Anthony I’. Dernbac& Wright Air Development Center.
Mr. Daniel A. Dickey, Wright Air Development Center.
Mr. Ivan H. Driggs, Bureau of Aeronautic Deparbnent of the

Navy.
Mr. John O. Mom OiVii Aero~utics Administration.
Mr. Eugene O. Draiey, NAOA Langley Aeronautical Laboratory.
Mr. Robert M. (lran~ NAOA Ames Aeronautical Laboratory.
Mr. Frank W. Widweii, United Aircmft COrp.
Mr. Ralph R LaMo@ Aeropro@cts Divisio~ GWaerai Motors

Corp.
Mr. D. B. l&ak~ Jrq Consolidated Vnitee Aircmft Corp.
Mr. ThomaE B. Rhinea, Hamiiton Standard Division, United

Aircmft Corp.
Mr. Robert B. Smith, Douglas Aircmft Co., Inc.

Mr. Ralph W. May, Secretary

Snbcornmittee on Seaplanea

Mr. 10,c+. Stouk consolidated Vnitee Aircmft Corp., chairman.
@pk Richard N. Breesman, U. S. L H’.,Air Research and D-

vdopment command.
Mr. J. M. Herai& Wright Air Development Center. .
Mr, Charles J. Danieisj Bnreau of Aeronautics, Deparbwnt of

the Navy.
Mr. F. W. S. Lockej Jrq Bnreau of Aeronauti~ Department of

the Navy.
Mr. Alexander Sat@ Ofdce of Naval ReEearch, Department of

the Navy.
OaPt. W. O. Fortune U. S. N., Dayid”W. Taylor ?@dei Basin.
LL Comdr. Fioyd Ii’. ReciG U. S. N., Naval Air Test Center,

PatoxenL
tipt. Donald B. MacDiarmid, U. S. C. G., U. S. Coast Guard

Air Station, INizabeth Uity, North Oaroi.iw
Mr. Robert Rosenbaum, Civil Aeronantica AdminWratioIL
Mr. John B. Parkinson, NAOA Langley Aeronautical Labora-

tory.
Mr. Robert B. Cotton, AR American Engineering Co.
Mr. Wlifred C. Hngi$ Jra Stevens Institute of Technology.
Dr. Arthur T. IpPetL Afa&wwhnsettaInatitnte of Technology.
Mr. Grover L@nfng.
Mr. J. D. PiersorL ‘The Glenn L, Martin Co.
Mr. ‘iViiiifUUR. Ryan, ~0 Corp.

m. Raiph W. May, Secretary

Subcommittee on Heiic6ptera

m. Bartram Keliey, Ben N-ft am% ~~
Mr. Bernard Lindenbanm, Wright Air Development center:
Mr Paai L Simmons, Jr., Wright Air Development Center.
Mr. Paui Xl.Hovgard, Barean of Aeronautic% De_ent of the

Navy.
Mr. Norman J. Asher, OKice of Naval Research, Department

of the Navy.
OrIPt.Frank A. Elrickson, U. S. 0. CL,Third Coast Guard Db3-

trict Otllc% New York
Lt. COLRichard Ii Long, U, S. ~ Research and Development

Division, Department of the Army.

ALr.R. B. Maioy, Clivil Aeronautics Administmtlon.
Mr. Richard 0. Dingeidein, NAUA Langley Aeronautical Lab-

oratory.
Mr. F. B. (%atafao~ NAOA Langley Aeronautical LaboratoW.
Mr. @.idden S. Doman, Doman Helicopter% Inc
Mr. L. IL Douglas, Piasecld Helicopter Corp.
Mr. El B. Katzenberger, Sikorsky Aircmft Divlslon, United

Aircraft Corp.
Mr. Rene H. Miiier, The Kaman Aircraft Corp.
Mr. Robert R. Osbom, McDonneii Aircraft Cap
Mr. Robert B. R- Sperry GyrOSCOWCO.,hC.
Mr. N. M. Stefano, American Helicopter Co., Inc.
Mr. Wayne Wi&nmr, Hiiier Helicopters.

hfr. Oiotaire Wood, Secretary

COMMTITEK ON POWKR PLANTS FOR AIRCRAFT

Mr. Ronald M. Haz.en, AUiaon Divisio~ Ckneral ?kfotore Corp.,
Ohairman.

Prcal m S. Taylor, Massachusetts Institute of Technology, Vice
Ohairman.

COL Norman C. Appold, U. S. A. F., W’right Air Development
OCnter.

Lt. ChL Vincent O. Rethman, U. S. A. B’., Directomte of Re-
search and Development

CapL A. L. Baird, U. S. N., Bureau of Aeronautics.
Mr. Stephen IZ Roil% Oivii Aeronautics Administration.
Dr. Hngh L, Dryden (CX olildo)
Mr. Abe Siiverstdn, NAOA Lewis Flight Propulsion Laboratory.
Dr. D. P. Bmma@ Standard Oil Co. of Indiana.
Mr. John Cl.Borger, Pan American World Airways, Inc.
Mr. Neii Bargess, General Ellectric Co.
hfr. li’rank W. Davis, Consolidated Vnitee Aircmft Corp.
afr. R. P. Kroo% TVestinghoase ~ectric Corp.
hlr. william G. LundqibisC Wright Aeronautical Divisionj U@

ties-wright Corp.
Mr. Wright A, Parkin% Pratt and Whitney Aircraft Division,

united Aircraft Corp.
hfr. G@orgeS. Schairer, Boeing Airplane Co.
Mr. Raymond W. Young, Reaction Motors, Inc.

Mr. William EL Woohvard, Secretary

%ibcomrnittee on AircraftFuels

Dr. D. P. Barnard, Standard Oii 00. of Indiana, Ohairman.
LL COLRobert J. Burger, U. S. A. F., Directorate of Research

and Deveiopmenk,
.Mr. EL W. Sbayexm, Wright Air Development Center.
Comdr. Donald Ii Noweu U. S. N., Bureau of Aeronautics.’
Mr. Raiph S. Wh@ Clivii Aeronantica Administration,
Dr. L. O. Gibbo~ NAOA Lewis Flight Propnision Laboratory.
Mr. A. J. Biackwood, Standard Oii Delevopment 00.
Mr. J. L. Cooley, California Research Corp.
M. F. G. Dongherty, Aiiison Division, General Motors CorP,
Mr. E. A. Droe+ymuelier, Pratt and Whitney Aircraft Diwiaion,

United Aircraft Corp.
Mr. Henry & FremonL General Eiectiic Co.
Mr. S. D. Heron, Ethyl Corp.
Dr. J. Bennett Hiii, Sun Oil 00.
Mr. W. M. Hoiaday, Socony-Vacuum Oii Oo., Inc.
hit. O. IL Johnson, Sheii Oil CO.
Mr. Uharles O. Moor% Union Oii (20.of Ckdifornia.
Mr. Harold M. Trirnbl% PhiiiiPs Petroleum Co.
Mr. Melvin 1% Yonng, Wright Aeronautical Division, Unrtiss-

yright CO?p.

Mr. James T. DiPiazz.a, Secretary
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Subcommittee on Combustion

Dr. Joim P. Longweil, Standard Oil Development Co. Ohair-
man.

Mr. Ewell O. Phillips, Wright Air Development Center.
Dr. Lloyd L Wood, Wright Air Development Center.
Mr. David J. Miller, Bureau of Aeronautics, Department of the

Navy. “
Dr. Edward H. Seymour, Oftlce of Naval Research, Department

of the Navy.
Dr. Bernard Lewta, U. S. Bureau of Mines.
Dr. Ernest I’. Fiock, National Bureau of Standards.
Dr. Walter T. Olson, NAOA Lewis Flight Propulsion Laboratory.
Mr. INimund D. Brown, Pratt and Whitney Aircraft Division,

United Aircraft Corp.
Dr. Alfred (3. Cattfmeo, Shell Development Co.
Prof. Frank El.Marble, California Institute of Technology.
Mr. A. J. Nerad, Ueneral Electric Co.
Dr. Robert N. Pe~ Princeton University.
Mr. Edwin P. Walsh, Westinghouse Ellectric Corp.
Prof. Glenn C. WiiLiara%Mawmhusetts Institute of Technology.
Dr. Kurt Wohl, University of Delaware.

Mr. B. E. Gammon, Secretary ‘

Subcommittee on Lubrication and Wear

Dr. Robert Q. Larsen, Shell Oil Co., Ohairman.
Mr. 0. M. Micbaels, Wright Air Development Center.
Mr. J. Cl. Idosteller, Wright Air “Development Center.
Mr. Oharles 0. Singleterry, Bureau of Aeronautics, Deparhnent

of the Navy.
Mr. Edmond El. Bisson, NAOA Lewis Plight Propulsion Labora-

tory.
Dr. W. E. Campbellj Bell Telephone Laboratories.
Dr. Merrell R. F@skej The PeunEYlvanirI Shte @lle@-
Mr. 0. J. iMcDowellj All&on ,Division, General Motors OorP.
Mr. Joseph Pabmlich, Oleveland Graphite Bronze CO.
Mr. Earle A. Ryder, Pratt and Whitney Aircraft Divisiou

United Aircraft Corp.
Prof. L. hf. Tlchvinsky, Univemity of California. ,
Mr. George P. Towasen& Jr., Westinghouse Electic Corp.
Mr. Frank W. lVeUOtIE,SKF Indua&ic& IIN?.
Dr. Donald F. Wilcoc& General Electric Co.

Mr. James T. Dip- Secretary

Subcommittee on Comprea.sore and Turbinw

Mr. Walter DoU Pmtt and Whitiey Aircraft Division, United
Aircraft Carp+ Chairman.

Mr.Wesley V. Hurley,Ah!l%earch and DevelopmentCotnmaml
Mr. Robert W. Phmes, Bureau of Aeronautics, Deparbnent of

the Navy.
Comdr.R. L.Emncal?,%.S. N., OffIceof Naval Researck-
iilr. John R, Ekwin, NACIALangley Aeronautical Laboratory.
Mr. Irving A. Johnsen, NACA Lewis Fiight Propulsion

Laboratory.
Mr. R. S. Hall, (Mr@ralBlectric Co.
Mr. Charles ~ Meyer, Westinghouse Electric Corp.
Mr. Bernard J. Meager,Wright Aeronautical Division, Onrtiss-

‘iVrlght Corp.
Dr. W. D. Ranni% Caltfornta Instltnte of Technology. “
Prof. Ascher H. Shapiro,MassachusettsInstitute of Technology.
Mr. John M. Wetzler, Allison Division, General Motors Corp.
Prof. George Ii’. Wialicenns, The Johns Hopkins University.

Mr. Guy N. Unman, Secretary

Subcommittee on Engine P&xforraan ce and Operation

Mr. Arnold H. Redding, WeWinghouse EIwtric COrP~~WL
COLDonald H. Heaton, .U. S. A F., Air Raearch and Develop-

ment Clommand.
Dr. Ople Chenoweth, Wright Air Development Center.
Mr. Carl C. Sorgen, Bureau of Aeronautics, Department of the

Navy.
Mr. Bruce T. LundIn, NACA Lewis Flight Propulsion Labomtory.
Mr. Rudolph Bodemuller, Bendls Aviation Corp.

‘Mr. Willian W. Fox, Consolidated Vnltee Aircraft Corp.
Mr. Dimitriua @rdaIL Allison Divi8io& GeII@ Motors COrP.
Dr. William J. O’Donneli, Republic Aviation Corp.
Mr. Maynard L. Pennell, Boeing Airplane Co.
Mr. Erold 3’. Pierce, Wright Aeronautical Divlalon, Curtiss-

Wright Corp.
Mr. Perry W. PratL Pratt and Whitney Aircraft Division,

United Aircraft Corp.
Mr. Thomas B. Rhia% Hamilton Standard Dlviskm, United

Aircraft Corp.
Mr. m. El. Stoeckly, General Elwkric co.
Mr. Elwood B. Taylor, Douglas Aircraft Co.
Mr. Don L, Walter, Marquardt Aircraft Co.
Mr. Lee R. TVoodworth, The RAND Corp.

Mr. Richard S. Oeaaro, Secretary

Special Subcommittee on Power Pbmt COntroIs

Dr. Martin .L Eldwar@ General Edectrlc X-Ray Co., Chaifian.
Mr. John E. Taylor, Wright Air Development Center.
Mr. A. S. AtktnaoL Bureau of Aeronauti@ Department of the

Navy.
Mr. John C. Sanders, NACA Lewis Flight Propulsion Labomtory.
Dr. John L.” Barnes, North .kraericrm Aviation, Inti
Mr. Rudolph Bodmmdler, Bendix Aviation Corp.
Dr. 0. Stark D.mper, hfm?sachusetts Institute of Technology.
Mr. S. S. Fog Pmtt and Whitmey Aircraft Divtslon, United

Aircraft Corp.
Mr. John H. Strwen-Reuter, Honey Carburetor Co.
Mr. R.. C. Traeder, Aeroproducts Divisfon, Cleneral Motors

aorp.
Mr. James TV.Wheeler, Sperry Gyromop+ Division+ Sperry Corp.
Mr. James C. WIS% Marquardt Aircraft Co.

Mr. James Lazar, Secretary

Subcommitteeon Heat-Resisting Materialn

~. W. L. Budger, General Electric Co., Chairman.
Mr. J. B. Johnsonj Wright Air Development Center.
Mr. Nathan El Promisel, Bureau of Aeronautics, Department of

the Navy.
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Navy.
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Corp.””
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Mr. Richard LZ Schleicher, North American Aviatio% Inc.
Mr. Robert J. Woo@ Beii Aircraft Carp.

Mr. Frankiyn ‘iv. Phillips, Secwtary

subcommittee on Aircraft strncmnw
hfr.1%L TemPi@ Aiura.inum 00. of Americ% OhaimmR
LL COLJohn K. Bussey, U. S. A. E’., Wright Air Development

Oenter.
Mr. Wiiiiam B. Miiier, Wright Air Development Center.
Oomdr. Harry WOOL U. S. N., Bureau of Aeronautics.
Mr. Raiph L. Ore@ Bureau of Aeronautics, Department of the

Navy.
Mr. Samuei Levy, Nationai Bureau of SkuMard&
Dr. J. El.Duberg, NAOA Langiey Aeronautical Laboratory.
Prof. Raymond 1A Bispiingho~ Maeeachusetts Institute of

Technology.
Mr. Wiiiiam M. Dnk% Cornell Aeronautical Laboratory, Inc.

Mr. George D. Ray, Beil Aircrdt Oorp.
Profl Ernest HI.Sedder, Oaiifornia Institute of Technology.
Mr. El.H. Spaulding, Lockheed Aircraft Oorp.

Mr. Melvin G. Rosch~ Secretary

.%bcornmittee on Aircraft Loads

Mr. Jerome I?’.McBrear@, Lockheed +craft Oo& Ohairman,
OapL David W. LueclG U. S. L I’.j Air Research and Develop
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Mr. Joseph H. HamingtoL Wright Air Development (%nter.
Mr. D. A. GHist@ Bureau of Aeronautics, Department of the

Navy.
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Mr. Phiiip Donw, NAOA Langley Aeronautical Laboratory.
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Mr. Aifred L Sibi@ Olmnce Vought Aircraft Division, United
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Mr. Howard W. Smith, Boeing Airplane 00.
Mr. Stanley W. Sinit& Reli Airmaft Oorp.
Mr. Harry ’Tobey, Piasecki Heiieopter Oorp.

Mr. R E’abian Qoranson, Secretary

Subcommittee on Vibration and Plutter

Mr. Martin GdaI.@ Midwest Research InstitutG Ohairman.
Mr. Howard A. Magrath, Wright Air Development Oenter.
Mr. Lee S. Was.sermq Wright Air Development Oenter.
Mr. JeraeE FLWaish, Bureau of Aeronautic, Department of the

Navy.
Mr. Robert Rosenbaum, Oivii Aeronautic Adminbtration.
Mr. L El, Garric& NACIA Langley Aeronautical Laboratory.
Mr. Albert Etrickaou NAOA Ames Aeronautical Laboratory. ‘
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Mr. Aiien E’. Donov~ Corneii Aeronautical Laboratory.
Mr. Michaei Dub@ Ckmsolidated Vuitee Aircraft Cap.
Dr. J. M. FranHan& Ohance Vonght Aircraft Division, United

Mrcraft Oorp.
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M. El. L. lkpper~ Jr. Lockheed Aircraft Oorp.
Dr. Niia O. Mykiestad, North American Aviation, Inc.
Mr. Rayn+ond A. Pepping, McDonnen Aircraft Cap.
Mr. M. J. Turner, Boeing Airpiane Oo.

Mr. Harvey H. Brow Secretary

Sk&cOmxnittea on Aircraft Stractnral Materials

Mr. Qdgar H. D@ Jr. Aluminum OU.of knerica, Ohairman.
Mr. J. B. Johnson, Wright Air Development Center.
Mr. JameE El. SuRivan, Bureau of Aeronautics, Department of

the Navy.
Dr. Gordon M. Klin% Nationai Bureau of Standarde.
Mr. Jamee 33.Dougher@, Jr., Oivii Aeronautics Adminietration.
Mr. Paui Kahn, NACA Langiey Aeronautical Laboratory.
Mr. Robert S. An@ Goodyear Afrcraft C%mP.
Dr. Waiter IL BY.nlay,R@n-Orn Titanium, I.m
Prof. Maxweli &mmmer, Oolumbia Universi@.
Dr. J. 0, McDonald, The Dow Uhemieai OiJ. .
Mr. w. la. Mahin. .
Mr. Paul P. Moziey, Lockheed Aircraft 00rp.

Mr. G. Garner Gr~ Ckmsoiidated Vuitee Airmaft *. Dr. George Perkins, Reynolde Metais Co.
m. L. M. Hitch- Boeing Airpiane (le. Mr. David G. Reid, Ohance Vought Aircraft Division, United
Dr. Nichoies J. Hoff, *oiytechnic Institute of
Mr. John H. Meyer, AfcDonnaii Aircraft Carp.

Brooidyn. Aimraft Oorp.
Mr. D. H. Ruhnk~ Repubiic Steei Corp.

.



REPORT NATIONAL ADVISORY COMMHII’EE FOR AERONAUTICS 59

Dr. I&o Sclmpiro, Douglas Aircraft Co., h~ Dr. Robert hf. Cunningham, Air Force Oambridge Research
Dr. Dana W. Smith, Kaiser Aluminum and Chemical Corp. Center. ‘
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Maj. David L. Carter, U. S. A. F., Air Research and Develop-

ment Command.
CapL George W. Brodr,, U. S. A. F., Wriglit Air Development

Cent&.

the Navy.
Mr. David L. Posner, Civil Aeronautics Admhdstmtion.
Mr. I. Irving Pinkel, NACA J-awls Flight Propulsion Laboratory.
Mr. J. S. Alfor& (%neral Electric C+I.
Mr. F. L. Bock% North American Aviation, DC
Mr. Arthur A. Brow Bowser Technical Refrigeration Division,

Bowser, Inc.
Mr. Oarl M. Ohriatenson, United Air Lines, In&
Mr. Victor Hudson, Consolidated Vnltee Aircraft OorP.
Mr. E, F. Ka&enberger, Sikorsky Aircraft Dlvisiq United

Aircraft Oorp.
Mr. Bernard L, Mednger, Imkheed A@raft. Corp,
Mr. David A. North, American AirWI% Inc.
Mr. Duane M. Patterson, Aeronautical Idng Research Labora-

tory.
.Mr. Boyd a Myers II, Secretary

.%bcommittee on Aircraft Pike Prevention

Mr. Raymond D. Kelly, United Air LineG Ir& Ohalrman.
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Part 111–Fli’VANCL4L REPORT -

Appropriations for the @cal ~ear 195S.—Fimds in the follow-
ing amounts were appropriated for the Oornmittee for the dacrd
year 1953 in the Independent Ottlces Appropriation A* 1963,
npproved July 5, 1952: ,

Salarks and e~~w__.-_---_-_-_--____ $48, 5S6, 100
Construction and equipment of labomtory facili-

ties :
Funds to continue damming of the 13scal year

1061 program:
Langley Aeronautical Labora-

tory___-— —–-–—-- $616,324
Ames Aeronautical Laboratory. 4S3, 676

L 000,000
Funds to completely finance the

flacal year 1953 program:
Langley Aeronautical Labora-

tory ——-- _— __—_— - m 115,000
Lewis ~light Propnlalon Labora-

tory ------- ——-—--—-—-- 5, 5s5, 000
16,700,000

Total appropriated fnnda, Ilacal year
1953 ---—-—-—-—-—-—-——— 66,2S6,100

Obligations incurred against the llscal year 1963 appropriated
funds are llsted below, together with the unobligated balancea
remalnlng on June 30, 19Ei3. The fignreE shown for salarles and
expenses include the costs for personal services, travel, ~-
portation, communication, utili@ services, printing and repro-
duction, contractual servlm, snppll~ equipment, and taxeE
and assessment.

Salariesand eqwnses:
NAOA Headquarters__-——-------------
Langley Aeronautical Laboratory___ -_-_ —__

I Pilotless Afrcraft Station_-_-___ -_-__ —__
High-SpeedFlight station-_ ——________
Ames Aeronautical Laboratory-—---——-
Western Coordination once—--—-.———.————
Lewis Flight Propnleion Laboratory-----
Wright-Patterson Ooordlnation Oftlce__——
Remamh contracts-educational institotiona-
Servlces performed by Nattonal Bureau of

Standardsand Forest Products Laboratory-
Unobligated balance_——— -—-—--------

$L 185,SW
19, 23.S,601

593,406
L 368,065
7, ‘7s2,~

17,339
17,276,4.7

12,346
739,643

2@ 800
167,117

4?3566,100
Construction and equipment of labora-

tory facilities :
Funds to continue tinanchg of the

ilscnl year 1951 program>
Langley Aeronautical Laboratory- $W2,326
Ames Aeronauthml Laboratory__ 4S3,676
Unobligated balance---——————_——3,099

1,000,000
Funds to complete~v tlnrmce the

tlseal year 1953 program;
Langley Aeronautical Labora-

tory -—-—-———- $1, S17,214
Lewis Flight Propulsion Labora-

tory-—-—---—-————---- h 636,290

Conatrnction and equipment of labora-
tory facilltier+ConKnued

E’nnds to completely finance the
. *cd year 1953 program-Con.

Reserve for trander to the
dscal year 1954 prograra_— $L 450,000

Reserve for transfer to the &ml
year 1955 program---- 70,000

Unobligated balance_________ ‘ 8, S26,556
$L6,700,000

Total appropriated f&@,
tlscal year 1953— ------ 6& 2-S6,100

xTbts anobllgated balance remalne avellalde for obligation nnffl
erwnded.

Appropriation for the Unitaty Wind Tunnel Plan Aot.-l?unds
in the amount of $75,000,000 were appropriated h tie Detlclency
Appropriation Act 1950, approved June 29, 1960, for the con-
striction of wind tunnels authodzed in the Unitary Wind Tannel
Plan Act of 1949 (Public Law 4.6, Slst Oongres& approved
October 27, 1949). These funds are available untfl expended.
Allotments and obligations as of June 30,1963, areas follows:

Oblgiutona

Allotmmate June 90,1958

Langley Aeronautical Laboratory— $1.6,160,000 ~% *-, M6
ties Aeronautical Laboratory__ 26,994,000 25, %3, Oa
Lewis Flight Propulsion Laboratory- 3!4666i 000 %448 991

Total -_ ——_______ 75,000,000 69,027,978

Approprfat{ona for the 718cxzZ&?ar X@.-me major a.Uot-
ments of the funds appropriated for the Committee for the ilacal
year 1954 in the First Independent 0t3ces Appropriation Acb
10%$ approved July 3~ 1963, are as follows:

SaIariea and expeIIseB————————————————————$50,000,000
Budget reserve_—_————————————— L 000,000
Constriction and equipment of laboratory facili- -

ties:
Funds to complete dnancing of the flacal year

t lf)51 program:
Langley Aeronautical Labom-

tory -———-———----------- $550,000
Ames Aeronautical Labomtory- 3,650,000

4,200,000
I’nnda to finance the ilscal year 1954 program:

Langley Aeronautical Labora-
tory_—— _—— - ‘ 3,939,200

Ames Aeronautical Laboratory__ “990,700
Lewis Flight Propulsion Labora-

tory —- 10
Budget reserve—------------ 1,999,090
Reserve for transfer to the fkscal

year 1955 program———————— 310,000
7,239,000

Total appropriated funds, fiscal year
1954 ———————. .— &%439,000

*The tlscal year 1953 reserveof $1,460,000for trander to tbe tised
year 1954 programwm be wed to completetbe tlnanelngof the Langley
&ml year 1954 projectu
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